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PLATE LET- DERIVED GROWTH FACTOR D 
DMA CODTNr: wf TO FQR , flNn nsES THFR p nr 

This invention relates to growth factors for cells expressing 
receptors to a novel growth factor that include endothelial cells 
connective tissue cells (such as fibroblasts) myofibroblasts and 
glial cells, and in particular to a novel platelet-derived orowth 
factor/vascular endothelial growth factor-like growth factor, a 
polynucleotide sequence encoding the factor, and to pharmaceutical 
and diagnostic compositions and methods utilizing or derived from 
the factor. 



BACKGROriNn OF T^R TUrowT^, 

In the developing embryo, the primary vascular network is 
established by in situ differentiation of mesodermal cells in a 
process called vasculogenesis . It is believed that all subsequent 
processes involving the generation of new vessels in the embryo 
and neovascularization in adults, are governed by the sprouting 
or splitting of new capillaries from the pre-existing vasculature 
in a process called angiogenesis (Pepper etal., Enzyme & Protein, 
1996 49 138-162; Breier et a 1 . , Dev. Dyn. 1995 £01 228-239; Risau 
Nature, 1997 386. 671-674) . Angiogenesis is not only involved in 
embryonic development and normal tissue growth, repair, and 
regeneration, but is also involved in the female reproductive 
cycle, establishment and maintenance of pregnancy, and in repair 
of wounds and fractures. In addition to angiogenesis which takes 
place an the normal individual, angiogenic events are involved in 
a number of pathological processes, notably tumor growth and 
metastasis, and, other conditions in which blood vessel 
proliferation, especially of the microvascular system, is 
increased, such as diabetic retinopathy, psoriasis and 
arthropathies. Inhibition of angiogenesis is useful in preventing 
or alleviating these pathological processes. 
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On the other hand, promotion of angiogenesis is desirable in 
situations where vascularization is to be established or extended, 
for example after tissue or organ transplantation, or to stimulate 
establishment of collateral circulation in tissue infarction or 
arterial stenosis, such as in coronary heart disease and 
thromboangitis obliterans. 

The angiogenic process is highly complex and involves the 
maintenance of the endothelial cells in the cell cycle 
degradation of the extracellular matrix, migration and invasion 
of the surrounding tissue and finally, tube formation. The 
molecular mechanisms underlying the complex angiogenic processes 
are far from being understood. 

Because of the crucial role of angiogenesis in so many 
physiological and pathological processes, factors involved in the 
control of angiogenesis have been intensively investigated. A 
number of growth factors have been shown to be involved in the 
regulation of angiogenesis; these include fibroblast growth 
factors ( FGFs ) , platelet-derived growth factor (PDGF) , 
transforming growth factor alpha (TGFa) , and hepatocyte growth 
20 factor (HGF) . See for example Folkman et al., J. Biol. Chem., 
1992 231 10931-10934 for a review. . 

It has been suggested that a particular family of endothelial 
cell-specific growth factors, the vascular endothelial growth 
factors (VEGFs) , and their corresponding receptors is primarily 
responsible for stimulation of endothelial cell growth and 
differentiation, and for certain functions of the differentiated 
cells. These factors are members of the PDGF family, and appear 
to act primarily via endothelial receptor tyrosine kinases (RTKs ) . 

Nine different proteins have been identified in the PDGF 
family, namely two PDGFs (A and B) , VEGF and six members that are 
closely related to VEGF. The six members closely related to VEGF 
are: VEGF-B, described in International Patent Application 
PCT/US96/02957 ,W0 96/26736, and in U.S. Patents 5,840,693 and 
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VEGFR- 2 (KDR/Flk-1), VEGFR-3 (Flt4), Tie and Tek/Tie-2. All of 
these have the intrinsic tyrosine kinase activity which is 
necessary for signal transduction. The essential, specific role 
■in vasculogenesis and angiogenesis of VEGFR- 1, VEGFR-2, VEGFR-3 , 
Tie and Tek/Tie-2 has been demonstrated by targeted mutations 
inactivating these receptors in mouse embryos. 

The only receptor tyrosine kinases known to bind VEGFs are 
VEGFR- 1, VEGFR-2 and VEGFR-3. VEGFR-1 and VEGFR-2 bind VEGF with 
high affinity, and VEGFR-1 also binds VEGF-B and P1GF. VEGF-C has 
been shown to be the ligand for VEGFR-3 , and it also activates 
VEGFR-2 (Joukov et al., The EMBO Journal, 1996 15 290-298) . VEGF- 
D binds to both VEGFR-2 and VEGFR-3. A ligand for Tek/Tie-2 has 
been described in International Patent Application No. 
PCT/US95/12935 (WO 96/11269) by Regeneron Pharmaceuticals, Inc. 
15 The ligand for Tie has not yet been identified. 

Recently, a novel 130-135 kDa VEGF isoform specific receptor 
has been purified and cloned (Soker et al., Cell, 1998 92 735- 
745) . The VEGF receptor was found to specifically bind the VEGF l<5 
isoform via the exon 7 encoded sequence, which shows weak affinity 
for heparin (Soker et al., Cell, 1998 .92 735-745). Surprisingly, 
the receptor was shown to be identical to human neuropilin-1 (NP- 
1), a receptor involved in early stage neuromorphogenesis . P1GF-2 
also appears to interact with NP-1 (Migdal et al., J. Biol. Chem., 
1998 273 22272-22278) . 

VEGFR-1, VEGFR-2 and VEGFR-3 are expressed differently by 
endothelial cells. Both VEGFR-1 and VEGFR-2 are expressed in 
blood vessel endothelia (Oelrichs et al., Oncogene, 1992 8 11-18; 
Kaipainen et al., J. Exp. Med., 1993 178 2077-2088; Dumont et al . , 
Dev. Dyn., 1995 203 80-92; Fong et ai., Dev. Dyn., 1996 202 1-10) 
and VEGFR-3 is mostly expressed in the lymphatic endothelium of 
adult tissues (Kaipainen et al., Proc. Natl. Acad. Sci . USA, 1995 
9 3566-3570) . VEGFR-3 is also expressed in the blood vasculature 
surrounding tumors. 
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Dxsrupt.on of the VEGFR genes results in aberrant develops 
of the vasculature leading to embryonic lethality around 
testation. Analysis of embryos carrying a clletel 
T VEGFR- 1 ge ne suggests that this receptor is required 

■ for functional organization of the endothelium (Fong et al 
Nature, 1995 37, 66 - 70) . However , deletion of ^ 
tyrosme kinase domain of VEGFR-1 generates viable mice with a 
normal vasculature (Hiratsuka et al., Proc. Natl. Acad. Sci USA 
1998 95 9349-9354) Th= - 

r.™ • ~+ k ' ^ Underl y in 9 t^se differences 

rema n to be explained but suggest that receptor signalling via 

v L TT a kinaSe 13 "^^^ — — - of 

V E GFR _ 2 ^ h0m ° 2y90US miCe With "-"-ted alleles of 

cell reC6Pt0r 15 reqUiled 

cell proliferation, hematopoesis and vasculogenesis (Shaiaby et 

9 ;: 99 r Ur :' T ^ 62 " 66; Shalaby St *>" ^1, 1997 M 
981^990) Inactxvation of VEGFR- 3 results in cardiovascular 
f-lure due to abnormal organization of the large ve3sels (Dmnont 
et al. Science, 1998 282 946-949). 

Although VEGFR-1 is » lnly expressed endothelial ^ 
during deveiopment, it can also be found in hematopoetic precursor 

19 S 37 U 6 T 7 e ; rly Sta96S ° f 6mbr ^ enesis -t -I., Nature, 

1995 3^ 66-70) . It is also is wre , Md by ^ ±f ^ 

vessels „ en * ry os (Breier . t aJ ., Dev . Dyn ., 1995 m 228 . 239; . 
Fong et ai . , Dev. Dyn., l 996 m . In ^ 

The receptor VEGFR-3 is widely expressed on endothelial cells 
during early embryonic development, but as embryogenesis proceeds, 
t- becomes restricted to venous endothelium and then to the 
lymphatic endothelium (Kaipainen et al., Cancer Res., i994 54 

35 5 6 6 "^7n 7 ; KaiPainSn ^ Pr ° C - Natl - ACad - SC1 - USA ' ^95 92 

end t' ; " EGFR " 3 C ° ntinUeS t0 ^ eXpr — d °" 

endothelial cells in adults. This receptor is essential for 
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homologous A- and B-polypeptide chains, arranged as homodimers 
(PDGF-AA and PDGF-BB) or a heterodimer (PDGF-AB) . 

PDGF isoforms exert their effects on target cells by binding 
to two structurally related receptor tyrosine kinases (RTKs ) . The 
alpha-receptor binds both the A- and B-chains of PDGF, whereas the 
beta-receptor binds only the B-chain. These two receptors are 
expressed by many in vitro grown cell lines, and are mainly 
expressed by mesenchymal cells in vivo. The PDGFs regulate cell 
proliferation, cell survival and chemotaxis of many cell types in 
vitro (reviewed in Heldin et al., Biochim Biophys Acta., 1998 1328 
F79-113). In vivo, they exert their effects in a paracrine mode 
since they often are expressed in epithelial (PDGF-A) or 
endothelial cells (PDGF-B) in close apposition to the PDGFR 
expressing mesenchyme.- In tumor cells and in cell lines grown in 
vitro, coexpression of the PDGFs and the receptors generate 
autocrine loops which are important for cellular transformation 
(Betsholtz et al., Cell, 1984 39 447-57; Keating et al., J. R. 
Coll Surg Edinb., 1990 35 172-4). Overexpression of the PDGFs 
have been observed in several pathological conditions, including 
maligancies, arteriosclerosis, and fibroproliferative diseases 
(reviewed in Heldin et al., The Molecular and Cellular Biology of 
Wound Repair, New York: Plenum Press, 1996, 249-273). 

The importance of the PDGFs as regulators of cell 
proliferation and survival are well illustrated by recent gene 
targeting studies in mice that have shown distinct physiological 
roles for the PDGFs and their receptors despite the overlapping 
ligand specificities of the PDGFRs . Homozygous null mutations for 
either of the two PDGF ligands or the receptors are lethal. 
Approximately 50% of the homozygous PDGF-A deficient mice have an 
early lethal phenotype, while the surviving animals have a complex 
postnatal phenotype with lung emphysema due to improper alveolar 
septum formation because of a lack of alveolar myofibroblasts 
(BostrOm et al., Cell, 1996 85 863-873). The PDGF-A deficient 
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mice also have a dermal phenotype characterized by thin dermis, 
misshapen hair follicles and thin hair (Karlsson et al 
Development, 1 999 ^ 2611-2, . PDGF-A is also retired for normal 
development of oligodendrocytes and subsequent myelinate of the 
central nervous system (Fruttiger et al ., Development, 1999 126 
457-67). The phenotype of PDGFR-alpha deficient mice is more 
severe with early embryonic death at E10, incomplete cephalic 
closure, impair neural crest development, cardiovascular 
defects, skeletal defects, and odemas [Soriano et al 
Development, 1997 12^ 2691 - 70) . The PDGF _ B and 
decent mice develop similar phenotypes that are characterized 
by renal, hematological and cardiovascular abnormalities (Leveen 

1994 *\T»7 S D6V " 1994 1 1875 ' 1887; Soriano, et al., Ge nes Dev., 
1W4 £ 1888-96; Li ndahl et al., Science, !997 277 242-5; Lindahl, 
Development, 1998 ±25 3313-2,, where the renal and cardiovascular 

recruitment of mural cells (vascular smooth muscle cells, 
Pericytes or mesangial cells, to blood vessels (Leveen et al., 
Genes Dev., 1994 £ 1875-1887; Lindahl et al., Science/ 1997 m 
242-5; Lmdahl et al., Development, 1998 221 3313-2). 

SUMMARY n F THE T M w» Tnf 1 

The invention generally provides an isolated novel growth 
factor which has the ability to stimulate and/or enhance 
proliferate or differentiation and/or growth and/or motility of 

en e dc,7T" Sin9 3 PDGF " D reC6Pt0r inClUdlng ' bUt -t limited to, 
it " CSllS ' C ° nneCtlVe tiSSUe -fibroblasts and 

novel k " 1S ° lated P ° lynUcle0tide «q»en« encoding the 

novel growth factor, and compositions useful for diagnostic and/or 
therapeutic applications. 

According to one aspect, the invention provides an isolated 
and purged nucleic acid molecule which comorises a 
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of the sequence set out in Figure 7 (SEQ ID NO:7) or at least 
nucleotides 938 to l?flfi b ■ -Least 

to 1288 set out m Figure 7 (SEQ ID NO:7) The 
sequence of at least nucleotides 1 to 600 of t-h. 

in pi„,,^ -3 he se q u ence set out 
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•»P- o f th . lnv , ntion >lso enconpaases 

:::: suc * th,t th - y — ~ t 

™ t ■ „. ""^"tWes 1 to 966 of the sequence set 

the s. q „.„ce set out in Flgu „ 7 (SE0 I0 N o,„ „ ,t le.s! 
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nucleotides 938 to 1288 set out in Figure 7 (SEQ ID NO: 7) or 
fragments thereof. 

According to a second aspect, the polypeptide of the 
invention has the ability to stimulate and/or enhance 
proliferation and/or differentiation and/or growth and/or motility 
of cells expressing a PDGF-C receptor including, but not limited 
to, endothelial cells, connective tissue cells, myofibroblasts 
and glial cells and comprises a sequence of amino acids 
corresponding to the amino acid sequence set out in Figure 4 (SEQ 
ID NO:4) or Figure 6 (SEQ ID NO: 6), or Figure 8 (SEQ ID NO:8), 
or a fragment or analog thereof which has the ability to stimulate 
endothelial cell proliferation, differentiation, migration and/or 
survival of and/or growth and/or motility of connective tissue 
cells (such as fibroblasts), myofibroblasts and glial cells. 
Preferably the polypeptides have at least 85% identity, more 
preferably at least 90%, and most preferably at least 95% identity 
to the amino acid sequence of in Figure 4 (SEQ ID NO: 4) or Figure 
6 (SEQ ID NO:6) or Figure 8 (SEQ ID NO:8), or a fragment or analog 
thereof having the biological activity of PDGF-D. A preferred 
fragment is a truncated form of PDGF-D comprising a portion of the 
PDGF/VEGF homology domain (PVHD) of PDGF-D. The portion of the 
PVHD is from residues 255-371 of Figure 8 where the putative 
proteolytic processing site RKSK starts at amino acid residue 255 
(SEQ ID NO:8). However, the PVHD extends toward the N terminus 
up to residue 235 of Figure 8 (SEQ ID NO: 8) . Herein the PVHD is 
defined as truncated PDGF-D. The truncated PDGF-D is the putative 
activated form of PDGF-D. 

As used in this application, percent sequence identity is 
determined by using the alignment tool of "MEGALIGN" from the 
Lasergene package ( DNASTAR, Ltd. Abacus House, Manor Road, West 
Ealing, London W130AS United Kingdom) . The MEGALIGN is based on 
the J. Hein method (Methods in Enzymology, 1990 181 626-645) . The 
PAM 250 residue weight table is used with a gap penalty of eleven 
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methods known in the art. 

As used herein, the term "PDGF-D" collectively refers to the 
Polypeptides of Figure , (SEQ „ N0;4)> ' ' o th. 

h :: r ; h b (sE r id no:8) ' and f ~ « — — i 

have the bxologxcal activity of PDGF-D as defined above, and to 

analog thereof having the biological activity of PDGP-D. The 
Polynucleotide can be naked and/or in a vector or liposome. 

In another preferred aspect, the invention provides a 
polypept.de possessing an amino acid sequence: 

PXCLLVXRCGGNCXC (SEQ ID NO-25) 

it^izt: to pdgf_d and differs fr ° m the — -*«" of 

-0 the three " °' 9r ° Wth ^ ° f «» —ion 

ox cne three amxno acid residuo^ turn w 

foilr) . h „ t . residues (NCG) between the third and 

fourth cysteines (see Figure 9 - SEQ ID N Os:10-18, 

insertlonT^T, C ° mPriSlri9 COn "™"« substitutions, 
-sertxons, or deletions, but which still retain the biological 
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activity of PDGF-D are clearly to be understood to be within the 
scope of the invention. Persons skilled in the art will be well 
aware of methods which can readily be used to generate such 
polypeptides, for example the use of site-directed mutagenesis, 
or specific enzymatic cleavage and ligation. The skilled person 
will also be aware that peptidomimetic compounds or compounds in 
which one or more amino acid residues are replaced by a non- 
naturally occurring amino acid or an amino acid analog may retain 
the required aspects of the biological activity of PDGF-D. Such 
compounds can readily be made and tested for their ability to show 
the biological activity of PDGF-D by routine activity assay 
procedures such as the fibroblast proliferation assay and are also 
within the scope of the invention. 

In addition, possible variant forms of the PDGF-D polypeptide 
which may result from alternative splicing, as are known to occur 
with VEGF and VEGF-B, and naturally-occurring allelic variants of 
the nucleic acid sequence encoding PDGF-D are encompassed within 
the scope of the invention. Allelic variants are well known in 
the art, and represent alternative forms or a nucleic acid 
sequence which comprise substitution, deletion or addition of one 
or more nucleotides, but which do not result in any substantial 
functional alteration of the encoded polypeptide. 

Such variant forms of PDGF-D can be prepared by targeting 
non-essential regions of the PDGF-D polypeptide for modification. 
These non-essential regions are expected to fall outside the 
strongly-conserved regions indicated in Figure 9 (SEQ ID NOs:10- 
18). In particular, the growth factors of the PDGF family, 
including PDGF-D, are dimeric. PDGF-D differs slightly from VEGF,' 
VEGF-B, VEGF-C, VEGF-D, P1GF, PDGF-A and PDGF-B because it shows 
complete conservation of only seven of the eight cysteine residues 
in the PVHD (Olofsson et al., Proc. Natl. Acad. Sci. USA, 1996 93 
2576-2581; Joukov et al., EMBO J., 1996 15 290-298). These 
cysteines are thought to be involved in intra- and inter-molecular 
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disulfide bonding. Loops 1, 2 and 3 of each subunit, which are 
formed by intramolecular disulfide bonding, are involved in 
bmding to the receptors for the PDGF/VEGF family of growth 
factors (Andersson et al., Growth Factors, 1995 12 159-164) 

Persons skilled in the art. thus are well aware that these 
cysteine residues should be preserved in any proposed variant 
for, and that the active sites present in loops 1, 2 and 3 also 
should be preserved. However, other regions of the molecule can 
be expected to be of lesser importance for biological function, 
and therefore offer suitable targets for modification. Modified 
Polypeptides can readily be tested for their ability to show the 
biological activity of PDGF-D by routine activity assay procedures 
such as the fibroblast proliferation assay. 

It is contemplated that some modified PDGF-D polypeptides 
wUl have the ability to bind to PDGF-D receptors on cells 
including, but not limited to, endothelial cells, connective 
tissue cells, myofibroblasts and/or glial cells, but will be 
unable to stimulate cell proliferation/ d _ f ferentia 
migration, motility or survival or to induce vascular 
proliferation, connective tissue development or wound healing. 
These modified polypeptides are expected to be able to act as 
competitive or non-competitive inhibitors of the PDGF-D 
polypeptides and growth factors of the PDGF/VEGF family, and to 
be useful in situations where prevention or reduction of the PDGF- 
D polypeptide or PDGF/VEGF family growth factor action is 
desirable. Thus such receptor-binding but non-mitogenic, non- 
differentiation inducing, non-migration inducing, non-motility 
Educing, non-survival promoting, non-connective tissue promoting, 
non-wound healing or non-vascular proliferation inducing variants 
of the PDGF - D polypeptide are also within the scope of the 
xnv.„tio„, and are referred to herein as "receptor-binding but 
otherwise inactive variants". Because PDGF-D forms a dimer in 
order to activate its only known receptor, it is contemplated that 
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one monomer comprises the receptor-binding but otherwise inactive 
variant modified PDGF-D polypeptide and a second monomer comprises 
a wild-type PDGF-D or a wild-type growth factor of the PDGF/VEGF 
family. These dimers can bind to its corresponding receptor but 
cannot induce downstream signaling. 

It is also contemplated that there are other modified PDGF-D 
polypeptides that can prevent binding of a wild-tyoe PDGF-D or a 
wxld-type growth factor of the PDGF/VEGF family to its 
corresponding receptor on cells including, but not limited to, 
endothelial cells, connective tissue cells (suc h as fibroblasts), 
myofibroblasts and/or glial cells. Thus these dimers will be 
unable to stimulate endothelial cell proliferat 
differentiation, migration, survival, o, induce vascular 
permeability, arld/or stimulate prol • f erafc . on 
differentiation and/or motility of connective tissue cells 
myofibroblasts or gl ial cells . These modified polypeptides are 
expected to be able to act as competitive or non-competitive 
inhibitors of the PDGF-D growth factor or a growth factor of the 
PDGF/VEGF family, and to be ugeful ^ 

or reduction of the PDGF-D growth factor or PDGF/VEGF family ' 
growth factor action is desirable. Such situations include the 
tissue remodeling that takes place during invasion of tumor cells 
into a normal cell population by primary or metastatic ^ 
formation Thus such the pDGF . D or 

factor-binding but non-mitogenic, non-differentiation inducing, 
non-migration inducing, non-motility inducing, non-survival 
promoting, non-connective tissue promoting, non-wound healing or 
non-vascular proliferation inducing v ar i ants of the PDGF-D growth 
factor are also within the scope of the invention, and are 
referred to herein as "the PDGF-D growth factor-dimer forming but 
otherwise inactive or interfering variants" 

An example of a PDGF-D growth factor-dimer forming but 
otherwise inactive or interfering variant is where the PDGF-D has 
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t rth PrSVentS CleaVa9e " d ° main "<* 
It x. further contemplated that a PDGF-D growth factor-dimer 

f -n g but othe rwis e inactive or interfering variant could be 

r v v E rr ise a monomer ' preferabiy an a — * ~ - 

' VEGF-C, VEGF-D, PDGF-C, PDGF-A, PDGF-B PDGF C 

Zl^r linked to a cub — - • ~; 

1 h a " d ° main fr ° m Pr ° tei - timers formed 

«th the above mentioned PDGF-D growth factor-dimer forming but 

t the T ^ lnterferi ^ -^-t S and the homers 

to the mutant CUB domain would be unable to bind to their 

corresponding receptors. 

A variation on this contemplation would be to insert a 

• ^Tv^r^r 66 " an activated — •* ™- 

VEGF C VEGF-D, PDGF-C, PDGF-A, PDGF-B, PDGF-C, PDGF-D or PlGF and 
the mutant CUB domain linkage Mhich ±B ^ activated 

:~\:r/' vegf - b - vegf - c ' "?-°> ■«***. p 

p oLi r ; to addition of the specific — ease , s) for thi 

receptor xn tr" ^ *" ^ ^ t0 ^re Sponding 

is :l: ™ s way ' a controiied reiease ° f ™- - £ 

purifLTltd 119 . ^ 3 thir<3 3SPeCt ' inV6nti0n a 

nuclexc acid may be DNA, genomic DNA, cDNA or R NA and m ! 

^ d ceil or tissue source nr ^-f ~ 
svnth^M^ ^ * ■ ' or of recombinant or 

thereof , " B0:8 '- ' bl<> '« i ™ »r 
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inactive variant thereof or * pnrr n ^ ■ 

» - — « th . r/;:r:r;:;;; Mi ° 5 10 

transfected with n.^i ■ ~ s transformed or 

with nucleic acids molecules or w ^ 

invention. These mflu h . r vect0 " of the 

mese may be eukaryotic or Dro br Un f 

These cells are n *rf , , Prokaryotic in origin, 
are particularly suitable f n . 

Polypeptide of thp ^ 5Ultat >ie for expression of the 

(ATCC SRL-171) t**n„* , Culture Collection 

j- 1 j.), transformed with a k a -„i„, . 
human embryo kidnev „i, , • ^Wirus vector, and the 

^yo Kidney cell lme 293-EBNA transfertPd k 
expression pl asmid . Preferre(j ^ feCted by a suitable 

expression vectors in wh±ch g ^ ^ "»™"°» •« 

15 invention i s operatively — , to the 

Promoters and/or other control sequences such Th 
^ost cells transformed or transfected with the , aPPr ° Priate 
of expressing the polypeptide of J ^ 
vectors are those s „ )ta M * "vention. other preferred 

20 or for gene ther pv h ° f — li an C6ll ., 

based ve Ctors or ; " 3den ° Vira1 -' «- retroviral 

" or liposomes. A variefu 
in the art. variety of such vectors is knQwn 

.or:::;; 1 ""'"- — « «~ 



-18- 



WO 00/27879 

PCT/US99/26462 

In yet a further aspect t-ho • 
specificaUy reactive w £h ^ Prides an anti body 

. ~ or th . ^Z^ 01 " " —ion or a 

includes antibodies specific f n ,k ^ ° f the ^vention 

5 fragments, analogs J, the forms, immunoreactive 

ana recombinants of pncr-n c . 
«• u-eful as inhibitors or - ^ 0. Sueh antibodies 

a9SntS det «ting and q uanti fying 3 - p " dia9n ° StiC 

monoclonal antibodies may be used ' °' ^yclonal or ' 

antibodies can be raised "inst M ° n ° Cl ° nal and Polyclonal 

« fr agmen t or analog the J POl ^ides of the invention or 

—n the P oi y ; Pt ;:ii : ;\— — - - - - 

FLAG 8 octapeptide (Sigma st L SUCh * S 

amnity purification 9 ™' St " Lou "' "0, , to assist 

1 ™' *or some purno-isc 

monoclonal antibody is to b* „ * example where a 

» . cumc.1 situatl y 0 ;; * b * us ; e d - ^ effects of PDGF . D in 

chimeric monoclonal antibodies SuT^-l ^ h ™ i2 <* or 

-di fied by addition Qf cytQtox ; ^ a ;; ib0 ; i " »y * further 
for producing these, including Cytostat ^ drug( s , . Methods 

-11 known in the art. ™^™nt DNA methods, are also 

20 

This aspect of the ' 

«"»• n» polypeptide »""Pon<u„ g rec . ptor in 

use in diagnostic assav , ^ 9 f ° r lma ? in 9- For 

30 -y b. used. ExampleTo;;. I 10 : CtiVe " — ^^e labels 

— o r group , s ; ch :; f „;r: r o rr r eis • ive 

labels include en2ymatic such XamP ; eS ° f 

or fluorimetric iabels , such ' " h — adish peroxidase 

such as fluorescein-5-isothiocyanate 
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(FITC) Labeling may ^ 

covalent. indirect, covalent or non- 
Clinical appi ications 

applications, acceleration of ' . 1,Mrentlon incl ^e di agnost i c 

* t~n.pl.nt.tion, or in tissue or Qrgan 

— d e V elop m ent, T^T^ " 

tissue infarction Qr art i ; i St ; t bllSh circulation in 

^sea se , and inhi b i tion of " ^ SUCh * S —nary artery ' 

or of diabetic ,.^^7'™' ^ ° f «™« 

- — -ace ^zz 0 ~: el r — — 

population by prinlary or ^ tUm ° r cells »to a normal cell 

of PDGF-D in cancer biopsy ! ^ f ° rmati ° n - *>«tit.tion 

of ^ture raetastatic r T s S k y SPeClmenS be as an indicator 

PDGF-D may also be relevant- 
" ^F-D a Ssays could be ' !* ° f ^ conditions. 

«~ PDGF - D could i; s v; e - of , various lung 

disorders to i raprove blood circulation/ ° f 1URg 

exchange between the l ungs and the " " ^ " d/or 

° could be used to i mprove blo H ^ ' tr — ' Similarly, PDGF- 

>n -"nprove blood circuit 4. ^, 

««».«. PDGP-D oould fc. „,J " ln '°'""'°=y- I» . lite 

10 o h „ nic ob5trnc v r a ;™:°° d «~ - ««-. 

lm*.n,io,.„,^ * .! ^ 01 '"""'"ion of 
dose „, pdgf-d, „ , , * * P °' ,fc »"M"9 • » off«cti„. 

^1-1 »o« v j/ of ;rr„ \ ot r m>i °' u ~~ i -« <*. 
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both dimer formation and receptor binding, could be used to treat 
cond^ons, such as congestive ^ 
accumulation of f luid in , for ^ ^ ^ 

increases in vascular permeability, by exerting an offsetting 
• effect on vascular permeability in order to counteract the fluid 
accumulation. Administrations of PDGF-D could be used to treat 
malabsorptive syndromes in the intestinal tract, liver or kidneys 
as a result of its blood circulation increasing and vascular 
permeability increasing activities. 

Thus, the invention provides a method of inhibiting 

til ZTT 5 : lyn,PhanSi0geneSis < -ovasculari 2 ation, connective 
ti sue development and/or wound healing in a mam.al in need of 
such treatment, comprising the step of administering an effective 
-ouat of an antagonist of PDGF-D to the ml . The antagon±st 
-y be any agent tnat prevents the ^ of J 

Preventing the binding of PDGF-D to its corresponding receptor on 

the target cell, or by preventing activation of the receptor, such 

as usmg receptor-binding PDGF-D variants Suitahl V 

.•„^ n , , ^ uanis ' Suitable antagonists 

include, but ar, not limited to, antibodies directed against PDGF- 

to Z P Zt L r " n ° n - COniPetitiVe of binding of PDGF-D 

Uer / reC6Pt0r(S) ' — -ceptor-binding or PDGF-D 

dxmer-forming but non-mitogenic PDGF-D variants referred to above; 
and anti-sense nucleotide sequences as described below 

activateTT " ^ that bind to an 

activated truncated form of PDGF-D . The method comprises 

contacting an activated truncated form of PDGF-D with a test ag n 

b th :: : s b±nding by any su±tabie — can j lude 

both compounds and other proteins. 

agentl'lhlrr?" PrOVidSS 3 S " eenin3 SyStera <" Covering 
agents that bind an activated truncated form of pdgf-D The 

screening system comprises preparing an activated truncated form 

test a ; en 't expo r 9 the activated truncated f ° rra ° f - * 

agent, and quantifying the binding of said agent to the 
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actuated truncated form of PDGF-D by any suitable means This 
screen, system can also be used to identify age nts which inhibit 
e proteolytic cleavage of the full iength PDGF . D prote±n 

5 r y p rr. the reiease ° f the — d to of 

of th„ screen system provides a means determine 
compounds that may alter the biological function of PDGF-D Th 
screening method may be adapted to large-scale, automated 
procedures such as a PANDEX® ,Ba X ter- Da de Oiagnostics, sylT 
10 lo Mg for efficient high _ volume screeni J 

therapeutic agents. P Uai 

J £ " U 1. Prepared ., ,,„ ctlb . d „„.,„ 

»ei„ 9 remnant 0Na t . ohnol 

« • co„po M o, protein, iB introdu ^ J 

r activ,ted *- f °» « ~ *•»■ ^ ™£ 

=f or full > ! k ° °' "=""'•" 

dLTo s .d in 7 PDGF-D „ y . l50 he carried out by „ m , tM 

re.ren". "' I °-;-. P "» t »Mch i. incorporated h y 

activated truncated for. of or full lenoth Port- n • 
25 monitoring the ratio , ,„ „ " asaeeaed by 

r„ , ° ° £ f ° lded P"t.in to unfolded protein 

Exa.plea or thi, .onitorm, c„ i„ clude , but „. „ M ^JJ ' "/ 

r , rt PD0F - Dt ° ^ » «o of t 

30 prot.ll " """^ "» ««• « «« 

Thoae of mil in the art „m r.eocnir, that ic„ , a i„, s „. 
d-P-ndent on th. a.l.ctivity of th. , g .„t tested/ or elp 
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considered an excellent candidate f br drug therapy. However, an 
agent which has a lower affinity, but is selective for a 
particular target, may be an even better candidate. Those skilled 
in the art will recognize that any information regarding the 
binding potential, inhibitory activity or selectivity of a 
particular agent is use ful toward the development of 
pharmaceutical products. 

Where PDGF-D or a PDGF-D antagonist is to be used for 
therapeutic purposes, the do S e(s) and route of administration will 
depend upon the nature of the patient and condition to be treated, 
and will be at the discretion of the. attending physician or 
veterxnarian. Suitable routes include oral, subcutaneous, 
intramuscular, intraperitoneal or intravenous injection, 
parenteral, topical application, implants etc . Topical 
application of PDGF-D may be used in a manner analogous to VEGF 
Where used for wound healing or other use in which enhanced 
angxogenesis is advantageous, an effective amount of the truncated 
active form of PDGF-D is administered to an organism in need 
thereof „ a dose between about 0.1 and 1000 ug/ kg body weight. 

The PDGF-D or a PDGF.D antagonist may be employed in 
combination with a suitable pharmaceutical carrier. The resulting 
compositions comprise a therapeutically effective amount of PDGF-D 
or a PDGF-D antagonist, and a pharmaceutical^ acceptable non- 
toxic salt thereof, and a pharmaceutical^ acceptable solid or 
liquid carrier or adjuvant. Examples of such a carrier or 
adjuvant include, but are not limited to, saline, buffered saline, 
Hmger s solution, mineral oil, talc, corn starch, gelatin, 
lactose, sucrose, microcrystalline cellulose, kaolin, mannitol, 
dicalcium phosphate, sodium chloride, alginic acid, dextrose, 
water, glycerol, ethanol, thickeners, stabilizers, suspending 
agents and combinations thereof. Such compositions may be in the 
form of solutions, suspensions, tablets, capsules, creams, salves, 
elixirs, syrups, wafers, ointments or other conventional forms 
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The formulation to suit the .ode of administration, compositions 

oTrrr 1 ;:,:?" 0 may optionaiiy furth - ™ - • ~» 

of PDGF-A, P DGF -b, PDGF . C , V£GF/ VEGF _^ 

and/or heparin. Compositions comorising PDGF-D will rnni - •' , 

generally from about 10% to 30%. 

For intramuscular preparations, a sterile for™,!,,- 

io i„ . P „„„ c « utlcal dUoent soch pytog . n " f ; e a 

nh suspension in an aqueous base or a 

pharmaceutically acceptable oil base * „ 

- c hai n fatty acid such as ethyl 11 oi :;;;' an <* . ^ 

diaanl C °T ng ^ the ^""on provides 

For example, m one embodiment of the invention there is provided 

aetecting, and more preferably evalusMr^ j - 
between the antibody and PDGF-D t„ eval ^t lng , binding 

25 =ruf =™ ■= 

30 bound to th. . k * aetermming the amount of label 

antibody a ; P ; b F sr : te d f t : llowing binding between the — 

y PDGF-D and the subsequent binding of the lab.lprf 

secondary antibody to the primary antibody. In a Dart 
preferred embodiment of th* in ' 3 P a "icularly 

ment of the invention, the diagnostic/prognostic 
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device may be provided as a conventional enzyme-linked 
immunosorbent assay (ELISA) kit. 

In another alternative embodiment, a diagnostic/prognostic 
device may comprise polymerase chain reaction means for 
5 establishing sequence differences of a PDGF-D of a test individual 
and comparing this sequence structure with that disclosed in this 
application in order to detect any abnormalities, with a view to 
establishing whether any aberrations in PDGF-D expression are 
related to a given disease condition. 

10 In addition, a diagnostic/prognostic device may comprise a 

restriction length polymorphism (RFLP) generating means utilizing 
restriction enzymes and genomic DNA from a test individual to 
generate a pattern of DNA bands on a gel and comparing this 
pattern with that disclosed in this application in order to detect 

15 any abnormalities, with a view to establishing whether any 
aberrations in PDGF-D expression are related to a given disease 
condition. 

In accordance with a further aspect, the invention relates 
to a method of detecting aberrations in PDGF-D gene structure in 

20 a test subject which may be associated with a disease condition 
in the test subject. This method comprises providing a DNA sample 
from said test subject; contacting the DNA sample with a set of 
primers specific to PDGF-D DNA operatively coupled to a polymerase 
and selectively amplifying PDGF-D DNA from the sample by 

25 polymerase chain reaction, and comparing the nucleotide sequence 
of the amplified PDGF-D DNA from the sample with the nucleotide 
sequences shown in Figure 3 (SEQ ID NO:3), Figure 5 {SEQ ID NO:5) 
or Figure 7 {SEQ ID NO: 7) . The invention also includes the 
provision of a test kit comprising a pair of primers specific to 

30 PDGF-D DNA operatively coupled to a polymerase, whereby said 
polymerase is enabled to selectively amplify PDGF-D DNA from a DNA 
sample . 
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a biolo ■ alS ° Pr ° VideS 3 meth ° d ° f deteCti "9 P ^-D in 

i : :r s r pie ' comprising the step ° f «• — 

with a reagent capable of binding PDGF-D, and detecting the 
binding. Preferably the reagent capable of ^ 

5 antibody directed against PnrR n . • , ° 

antibodv r ' partlcul "ly a monoclonal 

b ina ' : 3 PreferrSd emb ° diment "<>~ extent o f 

Lbe - detected by means of a detectable 

labels are discussed above. 

in another aspect, the invention relates to a protein dimer 
10 Zr ^e PDGF-D polypeptide, particularly a disulf ide-lin^ 
dimer The protem dimers of the invention include both 

Z ZZ I' PDGF_D P ° lyPePtide ^ — of PDGF-D and 
VEGF, VEGF-B, VEGF-C, VEGF-D, PlGF, PDGF-A, PDGF-B or PDGF -C 

According to a yet further aspect of the invention there' is 
15 proved a method for isolation of PDGF-D comprising t he step of 
exposxng a cell which expresses pDGF _ D ^ 

;Z7. ° f PDGF '° fr0m M ' - thus-rileled 

20 co JIT aSP6Ct ^ ^ inVenti ° n inV ° 1VeS PrOVid1 ^ * 

coll ! -t.-sense nucleotide sequence which is 

: n; : ry f to at ieast a part ° f a « — e ncod 
iLt y or o a f "rr ^rr-r"* that has the bioiogicai 

«g region of the gene which may be used to inhibit or at 
least mitigate, PDGF-D expression. 

vector::"'" 9 t0 3 fUrthSr aSP6Ct ° f thS ^"tio- such a 

o at ii::r ; ng an anti ~ sense sequence m - — - 

30 hi tyl to h 9a K e ' PDGF " D eXPreSSl ° n - ^ U " ° f * -tor o 
where PDCF D ^ in 

wher 1 P r SS10n ^ aSSOCiat6d Wlth 3 di — for example 

whe tumors produce PDGF-D in order to provide for angiogenesis 
or tissue remodeling that takes place during lnwl * I ^ 
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cells into a normal cell population by primary or metastatic tumor 
formation. Transformation of such tumor cells with a vector 
containing an anti-sense nucleotide sequence would suppress or 
retard angiogenesis, and so would inhibit or retard growth of the 
tumor or tissue remodeling. 

Another aspect of the invention relates to the discovery that 
the full length PDGF-D protein is likely to be a latent growth 
factor that needs to be activated by proteolytic processing to 
release an active PDGF/VEGF homology domain. A putative 
proteolytic site is found in residues 255-258 in the full length 
protein, residues -RKSK- (SEQ ID NO: 9) . This is a dibasic motif. 
The -RKSK- (SEQ ID NO: 9) putative proteolytic site is also found 
in PDGF-A, PDGF-B, VEGF-C and VEGF-D. In these four proteins, the 
putative proteolytic site is also found just before the minimal 
domain for the PDGF/VEGF homology domain. Together these facts 
indicate that this is the proteolytic site. 

Preferred proteases include, but are not limited, to plasmin, 
Factor X and enterokinase . The N-terminal CUB domain may function 
as an inhibitory domain which might be used to keep PDGF-D in a 
latent form in some extracellular compartment and which is removed 
by limited proteolysis when PDGF-D is needed. 

According to this aspect of the invention, a method is 
provided for producing an activated truncated form of PDGF-D or 
for regulating receptor-binding specificity of PDGF-D. These 
methods comprise the steps of expressing an expression vector 
comprising a polynucleotide encoding a polypeptide having the 
biological activity of PDGF-D and supplying a proteolytic amount 
of at least one enzyme for processing the expressed polypeptide 
to generate the activated truncated form of PDGF-D. 

This aspect also includes a method for selectively activating 
a polypeptide having a growth factor activity. This method 
comprises the step expressing an expression vector comprising a 
polynucleotide encoding a polypeptide having a growth factor 
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activity, a C UB domain and a proteolytic site between the 
polypeptide and the CUB domain, and supplying a proteolytic amount 
of at least one enzyme for processing the expressed polypeptide 
to generate the activated polypeptide having a growth factor 
activity. 

in addition, this aspect includes the isolation of a nucleic 
add molecule which codes for a polypeptide having the biological 
actxvity of PDGF-D and a polypeptide thereof which comprises a 
proteolytic site having the amino acid sequence RKSR (SEQ ID NO- 9) 
or a structurally conserved amino acid sequence thereof 

Also this aspect includes an i so l ated dimer coraprising an 
activated monomer of PDGF-D and an activated monomer of VEGF, 
VEGF-B, VEGF-C, VEGF-D, PDGF-D, PDGF-A, PDGF-B, PDGF-C or PiGF 

TO v Z: d ° main ' ° r ftlt ««""^ - activated monomer of 
VEGF, VEGF-B, VEGF-C, VEGF-D, PDGF-D, PDGF-A, PDGF-B or P1GF and 
an activated monomer of PDGF-D linked to a CUB domain. The 
plated dimer may or may not include a proteolytic site between 
the activator monomer and the COB domain linkage 

Polynucleotides of the invention such as those described 
above, fragments of those polynucleotides, and variants of those 
polynucleotides with sufficient similarity to the non-coding 
strand of those polynucleotides to hybridize thereto under 

iTsTt COndlti ° nS USefUl ^ identi ^ Purifying, 

LI A 9POlynUCle ° tideSenCOdin90ther ' n ° n - h — ' ~lian 
form of PDGF-D. T hus, such polynucleotide fragments and variants 

hlidizT as aspects of the invention - Exempiary strin ^- 

5X BSC 2 0rr nditiOnS a " " f0ll ° WS: ^idi»ti« at 42 °C in 
2 ! ' 20 m NaP °" PH 6 ' 8 ' 5 ° % f o™ide; and washing at 42'C in 

desirable t ^ ^ ^ ^ Und " at " d ^ ^ 

an th rr ° thSSe COnditi ° nS empiriCall V based on the length 

and the GC nucleotide base content of the sequences to be 

1 1; 7 t that formuias for deter — 

exxst. see for example Sambrook et al, "Molecular Cloning: A 
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Laboratory Manual", Second Edition, pages 9.47-9.51, Cold Spring 
Harbor, New York: Cold Spring Harbor Laboratory (1989). 

Moreover, purified and isolated polynucleotides encoding 
other, non-human, mammalian PDGF-D forms also are aspects of the 
invention, as are the polypeptides encoded thereby and antibodies 
that are specifically immunoreactive with the non-human PDGF-D 
variants. Thus, the invention includes a purified and isolated 
mammalian PDGF-D polypeptide and also a purified and isolated 
polynucleotide encoding such a polypeptide. 

It will be clearly understood that nucleic acids and 
polypeptides of the invention may be prepared by synthetic means 
or by recombinant means, or may be purified from natural sources. 

It will be clearly understood that for the purposes of this 
specification the word "comprising" means "included but not 
limited to". The corresponding meaning applies to the word 
"comprises" . 

SRIEF DESCRIPTION o F THE nRBWTNftfi 

Figure 1 (SEQ ID NO:l) shows a nucleotide sequence that 
includes a cDNA sequence encoding the C-terminal part of human 
PDGF-D (hPDGF-D) . The nucleotides which encode for the partial 
fragment of hPDGF-D are 1 to 198. The deduced partial amino acid 
sequence of hPDGF-D (66 amino acid residues-SEQ ID NO: 2) derived 
from nucleotides 1 to 198 of Figure 1 is shown in Figure 2; 

Figure 3 (SEQ ID NO:3) shows an extended sequence of a 
partial human cDNA encoding for the hPDGF-D. The translated cDNA 
sequence is from nucleotide 1 to 600. The deduced partial amino 
acid sequence of hPDGF-D (200 residues-SEQ ID NO: 4) derived from 
nucleotides 1 to 600 of Figure 3 is shown in Figure 4; 

Figure 5 shows a still further extended nucleotide sequence 
of a partial human cDNA. The nucleotides which encode for the 5 ' - 
truncated full-length hPDGF-D are 1 to 966 (SEQ ID N0:5). The 
deduced partial amino acid sequence of hPDGF-D (322 residues-SEQ 
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ID NO: 6) derived from nucleotides 1 to 966 of Figure 5 is shown 

m Figure 6; 

Figure 7 « SEQ ID N0: 7, shows the complete nucleotide „ 
of cDNA encoding a hPDGF-0,1116 bp, and the deduced amino' acid 
5 sequence of full-length hPDGF-D encoded thereby which consists of 
371 amxno acid residues (Figure 8-SEQ ID NO:8); 

pnrw FlgUre 9 Sh ° WS an amino acid -quenc. 'alignment of the 
PDGF/VEGF-homology domain in hPDGF-D with several growth factors 
belonging to the VEGF/PDGF family (SEQ ID NOs:1Q _ 18/ 

10 respectively); °' 

Figure 10 shows a phylogenetic tree of several growth factors 
belonging to the VEGF/PDGF family; 

CUB domaT ^ PrOVid6S amln ° SeqU6nCe ° f ^e 

domain present in hPDGF-D (SEQ ID NO:19, and other CUB domains 

izrt :iT n bone morphogenic protein - 1 (hBMp - 1 - 3 - — 

2 Cra r , N ? S:2 °' 22 ' rSSPeCtiVe1 ^ ^ ^ *-» neuropilin-1 
(2 CUB domains) (SEQ ID NOs:23-24, respectively); 

Figure 12 showS that conditioned medium (CM, containing 

2 o pdgf ~ d stimuiates tyrosine of PDG f be z 

20 receptors m PAE-1 cells; and 

which^H 9 "^ 13 PrOVidSS 9 graPhiCal «P»"»t.tion of results 
wich show that conditioned medium (CM , containing truncated PDGF-D 
competes for binding with pDGF _ BB homodimers ^ ^ 

2 5 i::i P p t ::;: but not with ~ h °— - - — 

MTAILE^ESCRIPTT ON pp PRKFRRWRn 

encodeTa'c t ^ & S « e <* human cDNA which 

30 to h C " terminal P ° rti0n ° f a ^1 growth factor, referred 

30 to herein as PDGF-D (formerly VEGF-G) PDGF-D l «, „ t 

the Vfrr/nnrp r ' a new member of 

J / D / a " nUCl80tide SSqUenCe ° f ^ * (SEQ 

he dbE T da S t fr ° m 3 hUman S6qUenCe (id - ™^ in 

dbEST database at the NCBI in Washington, DC. The nucleotides 
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to 19 of the cDNA of Figure ! (SEQ ID N0:1) encodes 
-d Pol ypeptide (Figure 2 - SEQ ID N0:2) which shows some s 
Similarity to the known members of the VEGF/PDGF family 

T ; e MiD ° acid -qu-nc. of the polypeptide encoded by the 

> nucleotides 1 to 198 of 

NO-l) is sh Polynucleotide of Figure 1 (SEQ ID 

NO.l) ls shown m Figure 2 (SEQ ID N0:2). 

To generate more sequence information on human PDGF-D a 
human feta! iung Xgtl0 cDNft lifarary _ 

Po ymerase chain reaction (PCR, -generated probe, based on the 

r^m I ^ "» ^ ™ from 

Klont M C r er " ally aVailabl6 *«» *tal lung cDNA library 

roTth / " amPUfied ^ PCR USi ^ ^ primers derived 

from the identified EST (AI488780, . The primers were - 

"GTCGTGGAACTGTCAACTGG (forward, (SEQ ID NO: 2 6) and 
5' -CTCAGCAACCACTTGTGTTC (reverse) (SEQ ID NO-27, 

TlllZT" bP fra9ment Cl0n6d lnt ° -ctor 

(Invitrogen, . Nucleotide sequencing verified that the insert 

clones. The inserts from two of these clones, clones 5 and 8 were 
c oneo- lnto paxuescript and subjected to nucleotide sequencing 
u^ng eternal or vector-specific primers. The nucleotide 

i™ rr ned were identicai in both — -™ 
r^rr is nucieotides i - 6o ° (seq id no:3 > — - 

1 rge portion of hPDGF-D with the exception of the 5- -end This 

:z::::v pdgf ~ d inciudes the bioactive — - — - 

Z id 7o ,T tlal amino acid sequence of hPDGF -° < 2 °° 

N 3 ; Sh ived from nucieotides 1 to 600 - — 3 ™ 

^ NO. 3) is shown in Figure 4 (SEQ ID NO- 4) 

cDNA c'loT' 6 ; nUCle0tidS SeqUenCin9 ° f laol - t « d PDGF-D 
add" „a ^ hUman fStal ^ — P-vided 

dditional sequence. Figure 5 (SEQ ID NO:5, shows a nucleotide 
sequence of a partial human cDNA {193 < bp) that encodeg ^ ^ 
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r 96 Tt h n a V e9i0 ; " bP ^ucl.otiC is nucleotides 1 

to 966 that encodes for hPDGF-D except for the "most 5- -end of the 
Po ypep.de. The deduced partial amino seguence - 

322 re idues-SEQ ID N0:6) derived from nucleotides x 
Fl gure 5 (SEQ ID N0:5) is shown in Figure 6 (seq id 

Figure 7 (SEQ ID NO:7) shows a polynucleotide sequence of 
encoding a full-length hPDGF-D Th. ■ 
is llifi hn ™, 91 ° n encod ing PDGF-D 

» 1116 bp. .he deduced amino acid sequence of full-l ength hPDGF- 
" 371 ammo acid residues (Figure 8-SEQ ID NO-8) 

obtained Se?UenCe ^ ^ ° f fu ""^ P«*F-D was 

obtained u Slng Rapid ^cation of cDNA Ends (RACE) PCR and 

iT s c r n t ta r ing cdna from the human hea - th „- ; d M 

cDNA, ciontech, Cat# 7404-!, . These cDNA clones have an adaptor 
sequence attached to the 5 , end Qf each ^ 

in the PCR amPllfy SSqUenCe f ° Und at th. 5- end of PDGF-D 

Advant reaCti ° n 3 SPeCial POlyme " 3e was used 

Adva ntage< _ GC cDNA PCR Kit, Ciontech, Cat* K1907-1) . The 
reaction mix included (in microliters) : 

Adaptor Primer 1 1 
Gene specific primer x 
Template (Human Heart cDNA) 5 
GC-Melt (from the K1907-1 Kit) 5 
5xGC CDNA PCR Reaction Buffer 10 
50x dNTP mix 



1 

Sterile H20 27 
T ° tal 50 



consist PDGF_D amPUfied ^ 31 C ^ eS < cycl" 
consisted of 45 seconds denaturation at 94 V and f „ 

extension, at 72°C fi w , minutes 

C, five cycles consisted of 45 seconds 
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denaturation at 9 4 'C and four minutes extension at 70*C, and five 
cycles consisted of 45 seconds denaturation at 9 4 °C and four 
-notes extension at 68°C and an initial denaturation step at 9 4 °C 
for two minutes. From this pcR/ an approx . mate 

5 product was obtained. Th is product.-., run on a „ agaros P e gel 
P-ified (QIAquick gel extraction Kitf Qiagsn/ # 287o6) ^ 

the gel, cloned into a vector (TOPO TA Cloning Kit, Invitrogen, 
and transform into bacteria (E.Coli,. Transform bacteria were 
plated, and incubated at 37°C overniaht qin^ ■, • 
in r,^^x ^ 9nti Single colonies were 

10 Picked and grown in fresh media overnight Pla^-iri*, 

y u * ^J-asmids were prepared 

(QIAprep Spin Miniprep Kit, Qi agen , C at# 27106) anH / 

v yc "' ^^ff ^'1U6) and sequenced with 
the plasmid primers, T7 and M13R. The result of ^ • 

result of this sequencina 

ZJn * '.I 2 ^ ° f PreVi ° USly — ™ wa 

obtained The rest o£ the sequence ^ ^ ^ ± 

15 previously obtained sequence from other PDGF-D cDNA clones 

PDGF/vITk 9 Sh ° WS amin0 3Cid S6qUenCe ali *™ ent ° f 

PDGF/VEGF-homology domain of PDGF-D (found in the C-terminal 

PDGF/VEGF t f he . I ; 0lyPePtide, With the PWVEGF-ho-ology domains of 

20 VEGF-C VEGF-D, PDGF-A and POGF-B (SEQ 1D N o s:1 o- 18 , 
respectively, . Some of the amino ac±d ^ ^ ^ ^ ^ 

terminal regions in VEGF-c and VEGF-D have been deleted in this 
figure. Gaps were introduced to opti m i ze the a i ignnlent . This ■ 

25 oTtrmetn T^^ ^ ^ 

on the method of J. Hein, (Methods Enzymol. 1990 183 626-45, The 

2 «0 residue weight table is used with a gap p ~ ty of Lven 
and a gap l ength penalty Qf fchree and g ^ ^ ^ 

and "th 1 " 156 alignmentS - The is then refined manually, 

.0 vailabl 7 ° f idSntitieS " e eStim3ted in «" «*°»" 

c wh h 3 C ° mPariSOn - ThS b — indicate amino 

acids which match the VEGF-D within two distance units 

invarL h 7 li9nment ^ ^ h " the 6XpeCted P a "ern of 

invariant cysteine residues, a hallmark of members of this family, 
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Th. fi„t exception o=c u „ betv ,« n cyst . ine 
and 4. »„«„» th „. two ey 3 tel „. s 

in i-h. T""» «"h cysteine found 

PDGF-D . This feature is unique to PDGF-D. 

Based on the amino acid sequence alignments in Figure 9 a 
Phyloqenetic tree was constructed and is shown in Figure \ 0 ^ 

°: th :? he pvhd ° f pdgf - d is — - - PV 

ot VEGF-C and VEGF-D. 
CUB Dnm^in 

..*»»<» of p lgut . n (l65ld „ ea 54 . ln)(SE0 „ ^ 

^cto„ " "°° * . 

ptot „ ns inclodlng >lgMUn5 >oiecoiea 

"2« 1534, .. , ell „ in s . v „ al ^ 

L r,"r„r , lnClUd1 " 9 heP " ln SU1 "" »»«.>»<—• ™e,e 
™ y PlW ' «" Proteolytic activation of PDGF-D 

COB cot " ri ' Ure ' Bi "° a ° id 

IT;; 1 : 9 proteina * u « Md - ™- *•■■"• — «-« t*. 

»c 3 .20 22 , respectively, and hu„„ „„ 111H „ it „ 2 C „ B 



-34- 



10 



15 



20 



WO 00/27879 

PCT/US99/26462 

(CUBsl-2) {SEQ ID NOs- 

«us.^j-<>4 respectively! u 

alignment was generated a . h Z This 
generatea as described above. 

To investigate the tissue expression of PDGF D , 
human tissues, a Northern blofc ~ ° f PDGF " D » several 

Hultipl. Tissue Northern blot (MT JV 0 ^"hl ~^ 
hy b ri di2ed at according tQ ^ instruction C s h) from Th blots «« 
using ExpressHyb solution at fifiV * supplier 

'°r 30 1„„ tM „„„ 50 . c » 2 * „th 0.05, SD S 

—u™i „ Ihe bIO 0 t ' s lx „; t s e c t «" h .„ 

expression of pdgf-D t»n,rr' * ' h ° Wed that 

Pancreas and ovary 1 T m ° St «t in heart, 

Pl-enta, liver k iIe V 6XPreSSi ° n *» 

kj -dney, prostate and testis n= u 
transcript was around , kb in length< teStlS " The *»« PDGF-D 



Tissue „ ^ 

25 level* Expression 



Heart 

Brain ++ ++ + 

Placenta "; d " 
30 Lung - 

Liver * 

Skeletal muscle n + H 

Kidney *" d * 
Pancreas 

35 Spleen * +++ 
Thymus 
Prostate 
Testis 

Ovary T ++ 

J +++++ 



+ 

++ 
+++ 
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Small intestine ++ 

Colon + 

Peripheral blood + 
leucocytes 



S ™ iS -^ Scepter hinging P r m ,rH» ^ a trmr . ai .^ ^ n 

To assess the interactions between a truncated PDGF-D and the 
VBGP receptors, truncated PDGF-D was tested for its capacity to 
bmd to soluble Ig-fusion proteins containing the extracellular 
.domains of human VEGFR-1, VEGFR-2 and VEGFR-3 (Olofsson et al 
Proc. Natl. Acad. Sci. USA, 1998 & 11709-11714,. An expression 
vector encoding the PDGF/VEGF homology domain of PDGF-D was 
generated in the vector pSecTag (Invitrogen, . The primers 5'- 
CCCAAGCTTGAAGATCTTGAGAATAT 3- (forward, <SEQ ID NO :30, and 5'- 
TGCTCTAGATCGAGGTGGTCTT 3 . (reverse, (SEQ ip „0:31> were used to 
amplify a 429 bp fragraent (nucleotides 556 tQ ^ . r 5) (seq 

ID NO.-5, encoding amino acid residues 186 to 322 of Figure 6 (SEQ 
ID NO: 6, . The fragment was subsequently cloned into a Hindlll and 
Xbal dagested expression vector. COS cells were transfected with 
the expression vector encoding truncated PDGF-D or a control 
vector using calcium phosphate precipitation. The expressed 
polypeptide included a C-terminal c-myc tag and a 6X His tag (both 
derived from the pSecTag vector, . 

VE GF RT T l9 " fUSi0nPr ° teinS ' d6Signated VBSra-l-ig, VEGFR-2-Ig and 
VEGFR-3-lg, were transiently expressed in human 293 EBNA cells. 
All Ig-fusion proteins were human VEGFRs. Cells were incubated 

"'Vr aft6r tranSfeCti ° n ' W3Shed "ith Dulbecco's Modified 
Eagle Medaum (DME M, containing 0.2* bovine serum albumin ,BSA, and 

TZZt ^ ^ h ° UrS - fUSi ° n Pr ° teinS W « thSn Pr-eipitat.d 

bead " p V larifi6d -Cloned medium using protein A-Sepharose 
beads (Pharmacia, . The beads were C0Inbined „. th 1QQ 
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and 900 nucroliter of conditioned me diu m prepared fro, the COS 
cells transfected with the expression vector for truncated PDGF-D 

5 11 r»s C ° ntr01 VeCt0r ' C6llS th6n solidly labeled 

with S-cysteme and .ethionine (Promix, ^ersham) for 4 to 6 

hours. After 2.5 hours, at roo, temperature, the Sepharose beads 

I" hT H 3 timSS " bUff6r - ~« wit 

pho.ph.t, buffered saline (PBS) and boiled in SDS-PAGE buffer 

Labeled proteins that were bound to the Ig -fu sion proteins were 
10 ana y Z ed b y SDS-PAGE under reducin, conditions. Radiolabeled 

ZTl T detSCted USin9 9 Ph ° S P hori ^- -alyzer and/or on 
film !n all these analy.es, radiolabeled PDGF-D failed to show 
any interaction with any of the VEGF receptors. These results 
x-dxc-t. that secreted truncated PDGF-D does not bind to VEGF 
15 receptors Rl, r 2 an d R3. 



20 



25 



PDGE beta-r^ntor Phn.r^ y1 _ n 

PDGF beV eSt ^ PDGF ' D CaUSSS in " eaSed P h -P»-ylatic-n of the 
PDGF beta-receptor, truncated PDGF-D was tested for i ts capacity 
to b d the PDGF beta-receptor and stilnulate lne *. a J 

rcell7 st at b T n ' SerUm -— ^-ort ic endothelial-1 (PAE- 

et Tl EMR o ^ SXPreSSing the hUman PDGF ^ta-receptor (Eriksson 
et al., EMBO J, 1992/ ^ 543 _ 550) ^ ^ 

-nutes w.th a solution of conditioned .edia mi xed with an eo^al 

^ e " -PP 1 — ed with 1 mg/ml BSA . The conditioned 

-d a prepared from cens trgnsfected 

n PDGF-A or truncated POGF-D ,as constructed in Exa.pl e 
1 t a m ° Ck C ° ntro1 vect -" Twenty-four hours after 
30 cent " ^ ^ ^ ^i Um 

Z^'S"*'™ conditioned med iu mwas harvested 

h d t r 1 48 h ° UrS ° f inCUbati ° n - SiXty after 

6 . " ° f C ° nditi °^ -dia, the cells were lysed in 

ly~. buffer ,20 „* tris-HCl, pH 7.5, 0 .5% Triton X-100, 0.5* 

-37- 



WO 00/27879 



PCT/US99/26462 



deoxycholic acid, 10 mM EDTA, 1 mM orthovanadate, 1 m PMSF 1% 
Trasylol). The PDGF beta-receptors were immunoprecipitated fro, 
cleared lysates with rabbit antisera against the human PDGF beta- 
receptor (Eriksson et al., EMBO J, l 992 11 543-550) The 
5 precipitated receptors were applied to a SDS-PAGE gel. After SDS 
gel electrophoresis, the precipitated receptors were transferred 
to nitrocellulose filters, and the filters were probed with anti- 
phosphotyrosine antibody PY-20, (Transduction Laboratories) The 
filters were then incubated with horseradish peroxidase-conjugated 
10 anti-mouse antibodies. Bound antibodies were detected using 
enhanced chemiluminescence (ECL, Amersham Inc) . The filters were 
then stripped and reprobed with the PDGF beta-receptor rabbit 
antisera, and the amount of receptors was determined by incubation 
wxth horseradish peroxidase-conjugated anti-rabbit antibodies. 
15 Bound antibodies were detected using enhanced chemiluminescence 
* ner8ha » Inc > • The probing of the filters with PDGF beta 
receptor antibodies confirmed that equal amounts of the receptor 
were present in all lanes. Human recombinant PDGF-BB (lOOng/ml) 
and untreated cells were included in the experiment as a control. 
20 Figure 11 shows that truncated PDGF-D containing conditioned 
medium stimulated PDGF beta-receptor tyrosine phosphorylation. 
This indicates that truncated PDGF-D is a PDGF beta-receptor 
ligand/agonist. 



25 



30 



Example A: ConmaM M „g Rinriing ace,. 

Next, truncated PDGF-D was tested for its capacity to bind 

to the human PDGF beta-receptor by analyzing its ability to 

compete with PDGF-BB for binding to the PDGF beta-receptor The 
bmdxng experiments were performed on porcine aortic endothelial-1 

(PAE-1) cells stably expressing the human PDGF alpha- and beta- 
receptors, respectively (Eriksson et al., EMBO J, l 992 , H, 543- 
550) . Binding experiments were performed essentially as in Heldin 
et al. (EMBO J, i 988 , 7 1387-1393). Conditioned media from COS 
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"lis express, PDGF-ft, trunc.t.d roGF . D _ „ 

„. dUut9d „ ith a „ vol „« of BSa ;; B n s tt ; 

(.lph.-r.cpto, Ugandl ln binding (res 

with the „ el " iWS incubated 

»ith the receptor .» pt6 „i„ g PM ., C , 1U 

b dl ' " " lM '» "»«". ««. three „ lt6 

™ do . " t , """ "" dU1<> ° M ™ dl » "".min, truncated 
ror ccp.tea Iot blndlng vlth homod 

but °- - ith — — - - ™ 

20 to L i„c * f "" ily " en *"' th ™ <«< <=» bind 

to and .,«„„ pho.phoryl.tion o£ the PDGF b.ta-r.ceptor. The „. 

but lnal6ad * PDGr - «■*—>•.. 

that needs to be activated by proteolytic prode.ein, to release 

lociir, p thl ; M la " - : Titzvr* " i9ht bs u " d l ° 

compartment (for , SOme e *tracellular 

rJoJc 72 6XamP eXt " Cellul « -atrix, and which is 

0 r icV;;"" proteoiysis when need ' *~ — — 

includi g e ; el ° Pment ' tlSSUS "deration, tissue ren odelli„ 9 
P on T 6 rem0dellin9 ' aCti - an giog enes is , tu J 

La L ' ^ lnVaSl ° n ' ^"—^ f ™ -nd/or wound 
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BIOASSAYS TO DE TERMINE THE FUNCTION OF PDGF-D 

Assays are conducted to evaluate whether PDGF-D has similar 
activities to PDGF-A, PDGF-B, VEGF , VEGF-B, VEGF-C and/or VEGF-D 
in relation to growth and/or motility of connective tissue cells, 
fibroblasts, myofibroblasts and glial cells; to endothelial cell 
function; to angiogenesis; and to wound healing. Further assays 
may also be performed, depending on the results of receptor 
binding distribution studies. 

I. Mitogenicity of PDGF-D for Endothelial Cells 

To test the mitogenic capacity of PDGF-D for endothelial 
cells, the PDGF-D polypeptide is introduced into cell culture 
medium containing 5% serum and applied .to bovine aortic 
endothelial cells (BAEs) propagated in medium containing 10% 
serum. The BAEs are previously seeded in 24-well dishes at a 
density of 10,000 cells per well the day before addition of the 
PDGF-D. Three days after addition of this polypeptide the cells 
were dissociated with trypsin and counted. Purified VEGF is 
included in the experiment as positive control. 

II. Mitogenieity of PDGF-D for Fibroblasts 

To test the mitogenic capacity of PDGF-D for fibroblasts, 
different concentrations of truncated homodimers of PDGF-DD or 
PDGF-AA (as control) are added to serum starved human foreskin 
fibroblasts in the presence of 0.2 umCi [3H] thymidine . The 
fibroblasts are then incubated for 24 hours with 1 ml of serum- 
free medium supplemented with 1 mg/ml BSA. After trichloroacetic 
acid (TCA) precipitation, the incorporation of [3H] thymidine into 
DNA is determined using a beta-counter. The assay is performed 
essentially as described in Mori et al., J. Biol. Chem., 1991 266 
21158-21164. 
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III. Assays of Endothelial Cell Function 

a) Endothelial cell proliferation 

Endothelial cell growth assays are performed by methods well 
known in the art, e.g. those of Ferrara & Henzel, Nature, 1989 M 
439-443, Gospodarowicz et al., Proc ; Natl. Acad. Sci. USA, 1989 
16 7311-7315, and/or Claffey et al., Biochem. Biophys. Acta, 1995 
124 6 1 — 9 . 

b) Cell adhesion assay 

The effect of PDGF-D on adhesion of polymorphonuclear 
granulocytes to endothelial cells is tested. 

c) Chemotaxis 

The standard Boyden chamber chemotaxis assay i s used to test 
the effect of PDGF-D on chemotaxis. 

d) Plasminogen activator assay 

Endothelial cells are tested for the effect of PDGF-D on 
Plasminogen activator and plasminogen activator inhibitor 
production, using the method of Pepper et al., Biochem. Biophys. 
Res. Commun., 1991 181 902-906. 

e) Endothelial cell Migration assay 

The ability of PDGF-D to stimulate endothelial cells to 
-.grate and form tubes is assayed as described in Montesano et 
a ., Proc. Natl. . Acad. Sci. US A, 1986 83 7297-7301. 
Alternatxvely, the three-dimensional collagen gel assay described 
m Joukov et al., EMBO J., 1996 15 290-298 or a gelatinized 

ZTZT^ 3 m ° difled BOyd6n (GlaSer St 1980 

288 483-484) may be used. 

IV. Angiogenesis Assay 
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The ability 0 f PDGF-D to induce an , • 
chic, chorioallantoic me^rane is tl?^". ^ 
•1- Science, 1989 ^ 13 o 6 - 13 o 9 Ate " in ^ « 

o f Ras ti nejad et ai ., c 3 e ; ^rrr;;; 1 ;" 6 rat cornea 

5 tnia is an accepted method for assay ot *™T- ^ ^ 

the results are readilv c angaogenesis, and 

read.ly transf errab i e to other in vivo systems . 

V. Wound Healing 

nzcaiiy -relevant model avail *ki» 
Schilling et a_Z e„ available, as described in 

9 St aX -' S^gery, 1959 46 702-710 an n 
^ al., S ur gery , 1967 ^ 302 _ 30 - 710 and ut ^-ed by Hunt 

VI. The Haemopoietie System 

15 A variety of in vitro and 

Populations of the haemopoietic sysTm a v ' ^ 

a- outlined below ln V ^ ±a the art ' and 

•t« cell assays using ^ 3 °' ^ 

Purified ceils L TZ^™^^ M ^ <° 
2 q ^eu Licuiarly convenient: 

a) Re P°Pulating- Stem Cells . 

lethallT^r "d^aTed 1 !- 0 ^ 16 °' the bone marrow of 

Phenotype. ^ ^ "» ^ Ly-6A/E + , c- kit+ 

» incubation with ^f^ ^ ^ ~ * 

— —ration by ^^^Jr™ " 
*» iate Stagre Steffl Ceiis 

'0 repopIut'Lribint'y Tt h3Ve C ° mParatiVel >' "ttle bone marrow 

y unity, but can generate D13 cm c 

^ the Rh". Ly- 6A/E *, e . k<t+ D " CF ;~ S - Th6Se 

incubated with these cells f or P h ^otyp e . PDGF-D is 

ror a P e ri od of time, injected into 
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lethally i rradiated recipients , and ^ 

colonies enumerated. piGen 
c) Pr ogenitor-Enriched Cells 

factors .„„ have th , Un . „ Ly _ 6s/E . c . tl .. „„. " 3r °" th 

—y -in s ho„ lf pdgf-d c,„ act llr « ^'"h " .™ S 

;:;r d :° "* r cnitn -- - d the — ~ « 

arrer / 14 days is counted. 
VII. Atherosclerosis 

or in^2™TT 1S 3 CrUClal r ° le in ^ 

Phenotype from "^s^^' a change of their 

pnenotype from a contractile to a synthetic stat* m 
endothelial cells T ]»nh * Macrophages, 
j. cexj. s , T lymphocytes and platelets all ni a , , • 

growth „a ph.notypic .oduLtion, of s „ooth „, cl . cell 

* r j*" ** d phem>typie °* 

t of P Dsf T '< « l * » = ss e ss the 

ej^ect or PDGF-D on smooth muscle cells. 

VIII. Metastasis 

the ^LT^ ^ PDGF_D t0 inhibU metaStaSiS iS -ing 

e 7 r CLn ° ma m0dS1 ' ^ -e method o 

^ao et al., J. Exp . Med., 1995 1£2 2069-2077. 

IX. Migration of Smooth Muscle Cells 

^;t:::"~ d °v he mi9ration of — — 

Koyama « aJ , B , ^ * "" y9d US ^ th * -thod of 

y ma ai., j. Bl ol . chem. , 1992 2J57 22806-22812. 
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X. Chemotaxis 

The effects of the PDGF-D on chemotaxis of fibroblast, 
monocytes, granulocytes and other cells can be assayed using the 
method of Siegbahn et aJ . ( J . ciin. Invest., 1990 £5 916-920. 

XI. PDGF-D in Other Cell Types 

The effects of PDGF-D on proliferation, differentiation and 
function of other cell types, such as liver cells , cardigc 
and other cells, endocrine cells and osteoblasts can readily be 
assayed by methods known in the art, such as ^-thymidine uptake 
by in vitro cultures. 

XII. Construction of PDGP-D Variants and Analogues 

exhibi7 F "7 S 3 memb6r ° f PDGF family ° f growth factors which 
exh^ts a hlgh degree of homology tQ other ^ . 

wh h mi PDGF "° C ° ntainS S6Ven COnS6rVed C ^ tSi - «.idu. S 

which are characteristic of this family of growth factors. These 

conserved cysteine residues for, intra-chain disulfide bonds which 

bonds th r/ ySt6ine ^ StrUCtUre ' int -^in disulfide 

bonds that for. the protein diners which are characteristic of 
meters of the PDGF family of growth factors. PDGF-D interacts 
with a protein tyrosine kinase growth factor receptor 

about'tV'T' t0 Pr ° telnS Wh6re little ° r n ° thi ^ iS k — 
about the tein structure acfcive giteg 

rr consequent activity ' the design ° f — — ; of 
Lr^^u^r b v he fact that a 9reat deai - 

the active sites and important amino acids of the 
members of the PDGF family of growth factors 

Published articles elucidating the structure/activity 
relationships of members of the PDGF family of growth factors 
dude for PDGF: Oestman . t al ., a . Biol . chem ., lm ^ 
10077; A ndersson et al., a. B iol. Chem., l 992 267 11260-1266; 
Oefner e£ al ., EMBO j., 1992 ix 3921-3926; Flemming et ,1 
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Molecular and Cell Biol., 1993 13 4066-4076 and Andersson et al., 
Growth Factors, 1995 12 159-164; and for VEGF: Kim et a j„ Growth 
Factors, 1992 1_ 53-64; Potgens et al., J. Biol. Chem., 1994 269 
32879-32885 and Claffey et al., Biochem. Biophys. Acta, 1995 1£46 
1-9. From these publications it is ^apparent that because of the 
eight conserved cysteine residues, the meters of the PDGF family 
of growth factors exhibit a characteristic knotted folding 
structure and dimerization, which result in formation of three 
exposed loop regions at each end of the dimerized molecule, at 
which the active receptor binding sites can be expected to be 
located. 

Based on this information, a person skilled in the 
biotechnology arts can design PDGF-D mutants with a very high 
probability of retaining PDGF-D activity by conserving the eight 
cysteine residues responsible for the knotted folding arrangement 
and for dimerization, and also by conserving, or making only 
conservative amino acid substitutions in the likely receptor 
sequences in the loop 1, loop 2 and loop 3 region of the protein 
structure. 

The formation of desired mutations at specifically targeted 
sites in a protein structure is considered to be a standard 
technique in the arsenal of the protein chemist (Kunkel et al., 
Methods in Enzymol., 1987 154 367-382). Examples of such site- 
directed mutagenesis with VEGF can be found in Patgens et al J 
Biol. Chem., 1994 26£ 32879-32885 and Claffey et al., Biochem. 
Biophys. Acta, 1995 1246 1-9. Indeed, site-directed mutagenesis 
is so common that kits are commercially available to facilitate 
such procedures (e.g. Promega 1994-1995 Catalog., Pages 142-145). 

The connective tissue cell, fibroblast, myofibroblast and 
glial cell grow th and/or motility activity, the endothelial cell 
proliferation activity, the angiogenesis activity and/or the wound 
healing activity of PDGF-D mutants can be readily confirmed by 
well established screening procedures. For example, a procedure 
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What is claimpri i w 



1- -An isolated nucleic acid molecule comprising a' 
polynucleotide sequence having at least 85% identity with at least 
nucleotides 1 to 600 of the sequence set out in Figure 3 (SEQ ID 
NO:3), at least nucleotides 1 to 966 of the sequence set out in 
Figure 5 (SEQ ID NO:5), at least nucleotides 176-1288 of Figure 
7 (SEQ ID NO:5) or at least nucleotides 938 to 1288 set out in 
Figure 7 (SEQ ID NO: 7) . 

2. An isolated nucleic acid molecule according to claim 1, 
wherein the sequence identity is at least 90%. 

3. An isolated nucleic acid molecule according to claim 1, 
wherein the sequence identity is at least 95%. 

4. An isolated nucleic acid molecule according to claim 1, 
wherein said nucleic acid is a cDNA. 

5. An isolated nucleic acid molecule according to claim 1, 
wherein said nucleic acid is a mammalian polynucleotide. 

6. An isolated nucleic acid molecule according to claim 5, 
wherein said nucleic acid is a human polynucleotide. 

7. An isolated nucleic acid molecule which encodes a 
polypeptide molecule comprising an amino acid sequence having at 
least 85% identity with the amino acid sequence of Figure 4 (SEQ 
ID NO:4), the amino acid sequence of Figure 6 (SEQ ID NO:6), or 
the amino acid sequence of Figure 8 (SEQ ID NO:8), or a fragment 
or analog thereof having the biological activity of PDGF-D. 
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w^Jn th TizT ed r ieic acid moiecuie acc ° rding *> — 

3min ° aCld Sec * uence identity i S at least 90*. 

9- An isolated nucleic acid molecule -<-,.„ a- 
wherein the amino -a molecule according to claim 7, 

anuno acrd sequence identity is at least 95%. 

PXCLLVXRCGGNCXC (SEQ ID NO:25). 

'y at .Least 85% identity with at 
1 to 600 of thp ast nuc leotides 

NO:5) or at )„.,. , 8 of Fl 9ure 7 (SEQ ID 

' 1 at least nucleotides S38 to 1288 
ID NO: 7), or a nn „ , Ut ln Fi 9 ure 7 (SEQ 

J, or a polynucleotide which hybridizes und^r + ■ 
conditions with ,t * jazzes under stringent 

«h at least one of said DNA sequences. 



x or "ui* 7Z:r ri T a nucieic acid *» 

P-oter se^ce nUCl6lC 3Cid iS ^ ^ ked wi th . 



13. A vector accordinq to claim 19 
a eukaryotic vector. Said Vector is 

A vector according to claim 19 u 
a prokaryotic vector. ' SSid Vector ^ 

15 • A vector according to claim 1 ? „ h 
a plasmid. 2/ wherein said vector is 
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16 • A vector according to claim 1? „ 
a baculovirus vector. ' Wherei " said vector is 

17 • A method of making a 
Polypeptide comprising an amino .. WhlCh Jesses a 

th, ,„i„o , cld <* "I.. < (SEQ ID m:„, 

- ™ of f , ?™« «*> » M t . „ lno 

thereof h , ving t „. bl ' ° " ." 0 - ' « or ,„, log 

oper,Uve ly u„ k .„ « latlo „ „ ith , pi0 J^_ 1 ™ vector in 

oTl"" " «it h , ^tor 

-« i«; t ot:: 1 «n: Mdi " a to cui - «— ■ «« 

-u cosTu^ * CC " di " 9 '° clal " "< «ld ho„t 



WO 00/27879 

PCT/US99/26462 

iink,d to ■ p —- — «« »« c. u 

or analog thereof having the biological Q act D i ; ;; gf! 

- £ -entity 

acid sequence of Figure 6 (seq id NO - 6^ or t^ 

sequence of Figure 8 (S£Q „ NQ ^ ° r th * acid 

thereof having the him • , fragment or analog 

9 the bl olog 1C al activity of PDG.F-D. 

26. An isolated polypeptide according to clain, ?s „ • 
said polypeptide ie s u g cla im 25, wherein 

e J-ypeptide is a human polypeptide. 

- ^rt; p rr;r; a ;nr r claim 2s - 

proliferation and/or different * " enhanCe 

- cells ^^'T^^^^^^ 

cells, connective tisl cell ^ C ° nSlStin9 ° f 

t.ssue cells, myofibroblasts and glial cells. 

polynu 2 loUde iSOlated by expression of a 

p -^nucleotide comprising the polynucleoMrfo 

least 85% identity with , , ynUCle ° tlde "^uence having at 
-quence set out T nucleotides 1 to 600 of the 

1 o 96 of the s 3 (SEQ 10 N ° :3) ' " leaSt -leotides 

nucleotides 938 to 1 8 1 t ^ " N ° :5) ° r at leMt 

1288 set out m Figure 7 (SEQ ID NO: 7,, or a 
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polynucleotide which hybridizes under string , 

at least one of said DNA „ ^rxngent conditions with 

^j- saia DNA sequences. 

30 ' An isolated polvnentirin l. 

characteristic sequence ^ C0 »P^— the 

PXCLLVXRCGGNCXC (SEQ ID NO: 25) 

fetor ft " 3 °' " 1 "" °»« gro „ th 

n lsoJ -ated polypeptide 
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• coram, to cl al „ 25 , clal „ „ . 
Pl»™=.»tie. le « tl „ or dUu Mt . " le *" 

or claim 30 and heparin. m 25 ' claim 29 

». >. or el ,; n 3„ " r pttde * — 

or dU«. ' * " le * 5t »»• P»««»oo„tical carrier 

in a test samr>l^ e=»4^ 
least one pair of Drim P ' Said means comprising at 

Kair or. primers complementary 
according to clailn , Qr n P menta ^ to a nucleic acid 

r "« :::: r ™r • ~r d - - - 

polymerase and at least one p air e , ' . COIn P risi ^ a 

nucleic acid according to clafm 1 or cLTn 7^"^ t0 * 
Polynucl eotide by polylnerase cha . n •» *>r am P lif ying the 

a sequence comparison of the „m " ^ t0 facili tate 

wording to claim a o, ^11 ^ ^ ^ 

43 - An antibody specifically reactive ■ *u 
according to claim 25, claim 29 or claTso 3 



An antibody according to claiz 



" a polyclonal antibody. Wh<2rein Said a "tibody 
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_ 45. An antibody according to claim 43, wherein said antibody 
is a monoclonal antibody. 

46. An antibody according to c laim 45, wherein Sa id antibody 
is a humanized antibody. 

said an^b A H """^ aCC ° rdin9 ^ ^ " °* 45 ° r 46 ' 
saxd antibody ls labeled with a detectable label. 

48. An antibody according to claim 47 m k„ • 
detectable label is radioactive isotope. ^ 

antibl 9 ' ? tlb0dy aCC ° rding tC Cl3im 45 ° r 46 ' «».r.±n 

antxbody xs modlfied by addition Qf cytQtoxic ^ cytQstatic ^ 

claim^S ' " th ° d ^ making 9 P ° lyPe P tide —ding to claim 25, 
claxxn 29 or claxm 30, said method comprising the steps of ■ 

vectoTT" 119 a h ° St C611 tranSf °- ed or transfected with a 
vector con.pr.sxng a polynucleotide encoding said po l ypeptide 
openly associated with a promoter segU ence such that 
acxd sequence encoding said polypeptide is expressed; and 

«~th" «d tlnB - S3id POlyP6Ptide fr ° m Said hoat cell or fro, a 
growth medxum xn which said host cell is cultured . 

wound'he , A "" ,eth0d ° f StiraUlatin ^ of connective tissue or 

L malaT 9 " ' ^ ° f —Bering to 

llatTnc, ^ e " eCtiVe COnnSCtiVe tiSSUS « ™< 
-ula lng amount of the polypeptide according tQ ciaim ^ * 



PDGP-D J " Pr ° dUCing aCtlVated truncated form of 

omprilingT^T 9 ^ ^ °' 6XPreSSin9 " ^""^ ™*« 
comprxsxng a polynucleotide encoding . polypeptide as claimed in 
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claim 25, claim 29 or claim 30 and supplying a proteolytic amount 
of at least one enzyme for processing the expressed polypeptide 
to generate the activated truncated form of PDGF-D. 

53. A method for regulating receptor-binding specificity of 
PDGF-D, comprising the steps of expressing an expression vector 
comprising a polynucleotide encoding a polypeptide as claimed in 
claim 25, claim 29 or claim 30 and supplying a proteolytic amount 
of at least one enzyme for processing the expressed polypeptide 
to generate the activated truncated form of PDGF-D. 

54 . A method for selectively activating a polypeptide having 
a growth factor activity comprising the step expressing an' 
expression vector comprising a polynucleotide encoding a 
polypeptide having a growth factor activity, a CUB domain and a 
proteolytic site between the polypeptide and the CUB domain, and 
supplying a proteolytic amount of at least one enzyme for 
processing the exposed polypeptide to generate the activated 
polypeptide having a growth factor activity. 

55. An isolated polypeptide according to claim 25, claim 29 
or claim 30 which comprises a proteolytic site having the amino 
acid sequence RKSK or a structurally conserved amino acid sequence 
thereof. 



56. An isolated nucleic acid molecule according to claim 7 
wh.ch codes for a polypeptide which comprises a proteolytic site 
having the amino acid sequence RKSK or a structurally conserved 
ammo acid sequence thereof. 

57. An isolated heterodimer comprising an activated monomer 
of VEGF, VEGF-B, VEGF-C, VEGF-D, PDGF-D, PDGF-A, PDGF-B or P1GF 
and an activated monomer of PDGF-D linked to a CUB domain. 
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58 . An isolated heterodimer comprising an activated monomer 
of PDGF-D and an activated monomer of VEGF, VEGF-B, VEGF-C, VEGF- 
D, PDGF-D, PDGF-A, PDGF-B or P1GF linked to a CUB domain. 

59. An isolated heterodimer according to claim 57, further 
comprising a proteolytic site between the activator monomer and 
the CUB domain linkage. 

60. An isolated heterodimer according to claim 58, further 
comprising a proteolytic site between the activator monomer and 
the CUB domain linkage. 

61. A method of inducing PDGF beta-receptor activation, 
composing the step of adding a PDGF beta-receptor stimulating 
amount of the polypeptide according to claim 25, claim 29 or claim 



62. 



A method of inhibiting tumor growth of a tumor 
expressing PDGF-D in a mammal, comprising the step of 
administering to said mammal a PDGF-D inhibiting amount of a PDGF- 
D antagonist. 

63. A method of identifying specific types of human tumors, 
compr lai ng the step of taking a sample of the tumor and testing 
for the expression of PDGF-D. 

64- A method for identifying an PDGF-D antagonist 
comprising: 

admixing a substantially purified preparation of an 
actuated truncated form of PDGF-D with a test agent; and 

monitoring, by any suitable means, an inhibition in the 
biological activity of PDGF-D. 
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65. A method for identifying an PDGF-D antagonist 
comprising : 

admixing a substantially purified preparation of an 
full-length PDGF-D with a test agent; and 

monitoring, by any suitable means, an inhibition in the 
cleavage of the CUB domain from PDGF-D. 

66. A method of making a vector which expresses a 
polypeptide comprising an amino acid sequence having at least 85% 
identity with the amino acid residues 255 to 371 of Figure 8 (SEQ 
ID NO: 8) , said method comprising incorporating an isolated nucleic 
acid molecule encoding said amino acid residues into said vector 
in operatively linked relation with a promoter. 

67. A method for producing an activated truncated form of 
PDGF-D, comprising the steps of expressing an expression vector 
comprising a polynucleotide encoding a polypeptide as claimed in 
claim 25, claim 29 or claim 30 and supplying a proteolytic amount 
of at least one enzyme for processing the expressed polypeptide 
to generate the activated truncated form of PDGF-D. 

68 . A method of inhibiting tissue remodeling during invasion 
of tumor cells into a normal population of cells, comprising 
administering to said mammal a PDGF-D inhibiting amount of a PDGF- 

C antagonist. 
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tlgtoccgoo gogotgogac calccogglg ooaggoaocg gclocgtgco gaglcclaga 60 
tlcccgaaca gctaccccag goacctgclc ctgacolggc ggcttcactc tcaggogoat 120 
acacggalac ogclogtgtt Igacaotcog lllggottag oggoogcaga oaatgatott 180 
tgtagglotg altttgtgga ogttgaogot alaiccgaaa ccogtoccat lotlagagga 240 
cgalgglglg gacocooggo ogttcctcco oggaloaaot caogaocgoo ccaoalloaa 300 
otcocottco agtccgotgo ctoclttgtg gctoaacctg galtcoogat ttattottct 360 
tlgctggaog alttccaocc cgcogcogct tcogagocca actgggoatc tgtcocoagc 420 
tctattlcag ggglolccta toactctcca tcagLaocgg atcccocrcr gattfcf fat 480 
gctctggaca oaoaoaUgc ogootttgat ocogtggaag olctgclcoa giacttcoat 540 
ccogagtcot ggcoogoago tcttgogoat atgtalclgg ococccctcg gtattgoggc 600 
aggtcotacc otgaccggaa gtcaaaogtt gacctggato ggctcaotgo tgatgccaog 660 
cgttocagtt gccctcccog goottoctcg gtcaototao gagoogagcl gaagttggcc 720 
aotgtggtct tctltccacg ttgcctcclc gtgcagcgcl gtggoggooo Itgtggctgt 780 
ggoactgtco oclggoggtc clgcocatgc oottcogggo ooaccglgaa aaagtotcot 840 
gaggtaltoc agttlgogcc tggccocotc aagoggoggg gtagogctao goccotggct 900 
clogtlgoco tccogttgga Icoccatgaa cgatgcgott glotctgcag ctcoagacco 960 
cctcqotaag ogoatglgca cotccltaca ttoagcctgo oagooccttt aattloagga 1020 
gggtgagoto ogcgoccctt Ucctoccog coaccoaoct toctoctagc ctgcootgca 1080 
algaococoo gtggttgctg ogtclcagcc Itgctttgtt oatgccotgg cacgtcgaoa 1140 
gg o a cat caacttctot occtoogaol ologgottgc otttoataot oglgtttgog 1200 
g a o a g cocooacaco cocogoaola lattcatgtc totgtgtata togotcooot 1260 
gmt U g gtololotao ccaggtococ cogagcttoc at'otgtttgo gllagactct 1320 
loooatcclt tgccoaaota ogggatgglc oaolototgo oacalgtctt logoadattt 1380 
oggogotoao ILtatttLto oottttgoao cocoaoacoo ttttgaatct tgctctctta 1440 
oagooogcot cltgtolalt aaooatcooa ogalgoggct ttcllocolo tocatcttog 1500 
ugattotta oooooggooo ooggtttcca gogooaoggc coalocctoa gcattttllc 1560 
ca gogoagc aclgcalact tocctatgtg goctgtoalo occlgtctcc ooooccatgc 1620 
co oa oo a toogtgctlt ogooattaoo tcattgtglt ttttotgcot tttgetgogg 1680 
catccttott catttoacoc clolctcooo oocttoctta googgttttt tottatagtc 1740 
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ctccacoooo gcoootcclt tcaogoatgg catgggcatt ctglotgoac ctttccogot 1860 
ggigt cogt gaaagalgtg ggtogtlgog aocttooooo gtgoocottg oaacotcgac 1920 
glaactggoa occg y ]gj4 
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* «* «- «* * « «" 5 s * - r - e - •« «» 

310 y Cys Thr Cys Asn Ser Gly 

320 

" : ~ i " : * = s s s 2 ~ « - = .« 

335 

3tC aa 9 a 99 agg ggt aga act as „ 

350 

365 

^gggtgagat aagag accct t ttccta e « 

rcctacca gcaaccaaac ttaet*^ 

Ctactacta 9 cctgcaatgc 139fl 

..««.=.„ .„„«,„ 

^C"^ — -» 

— _ tjm> 
— ^ tt .,„ 

"-yt.ee c tagaaaatt ifiQfl 

taggagataa atttattt^ 

— „ M 



10 



WO 00/27879 

PCTAJS99/26462 



aaagaaagca tcttgtatat taaaaatcaa aagatgaggc tttcttacat atacatctta 1818 
gttgattatt aaaaaaggaa aaaggtttcc agagaaaagg ccaataccta agcatttttt 1878 
ccatgagaag cactgcatac ttacctatgt ggactgtaat aacctgtctc caaaaccatg 1938 
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cctccacaaa agcaaatcct ttcaagaatg gcatgggcat tctgtatgaa cctttccaga 2178 
tggtgttcag tgaaagatgt gggtagttga gaacttaaaa agtgaacatt gaaacatcga 2238 
cgtaactgga aaccg 
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<210> 8 
<211> 370 
<212> PRT 

<213> Homo sapiens 
<400> 8 

Met His Arg Leu lie Phe Val Tyr Thr Leu He Cys Ala Asn Phe Cy S 
1 5 10 15 

Ser Cys Arg Asp Thr Ser Ala Thr Pro Gin Ser Ala Ser He Lys Ala 
20 25 30 

Leu Arg Asn Ala Asn Leu Arg Arg Asp Glu Ser Asn His Leu Thr Asp 
35 « 45 

Leu Tyr Arg Arg Asp Glu Thr lie Gin Val Lys Gly Asn Gly Tyr Val 
50 55 60 

Gin Ser Pro Arg P he Pr0 Asn Ser Tyr pr0 ^ Asn Leu ^ ^ 
65 



Thr 



70 « 80 

Trp Arg Leu His Ser Gin Glu Asn Thr Arg He Gin Leu Val Phe Asp 



85 90 



95 

Asn Gin Phe Gly Leu Glu Glu Ala Glu Asn Asp lie Cys Arg Tyr 



"° 105 



Asp 
110 



Phe Val Glu Val Glu Asp Ile Ser Glu Thr Ser ^ ^ ^ 
115 120 ,„ 



125 
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Arg Trp Cys Gly His Lys Glu Val 



130 



135 



Pro Pro Arg l ie LyS Ser Arg Thr 



140 



- „. Lys Ile Thr Phe Lys Ser Asp Agp ?yr ^ ^ ^ 

155 160 
Pro Gly Phe Lys Ile Tyr Tyr ^ ^ ^ Giu A ^ 



170 



Phe Gin Pro Ala 
175 



AU - Ser „ u Thr Asn Trp s ^ 



185 



Gly 



190 



val ser III Asn ser p - a « - - -p p«. Leu Ile Ala Asp 

205 



200 



215 220 
235 

- «P T te S „ ^ T „ ^ Gly ^ m> ^ 2" 



Leu 



250 



255 



v a i Asp £ Asp Arg Leu ^ ^ ^ ^ 

265 270 



" Pr ° £ Asn Tyr s " val f - - - «- u. Lys Leu Ala 

280 285 

Asn Val Val Phe Phe> * 

Phe Pro Arg Cy s Leu Leu V al 61n ^ Cys Gly My 



300 



Asn Cys Gly C y s Gly Thr 



305 



hr Val Asn Trp Arg Ser Cys Thr Cys Asn Ser 



315 



320 



330 

JJU 335 



L„ £ Arg 0 ly A r g Ala Lys Thr Mec uu ftsp ne 
345 350 
«- £ HI, „ is Clu Arg cys Asp ns ^ ^ o 

360 365 

Pro Arg 
370 
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<210> 9 
<211> 4 
<212> PRT 

<213> Homo sapiens 
<400> 9 

Arg Lys Ser Lys 
1 ■ 



<210> 10 
<211> 192 
<212> PRT 

<213> Homo sapiens 
<400> 10 

Met Asn Phe Leu Leu Ser Trp Val His Trp Ser Leu Ala Leu Leu Leu 

15 io 15 



Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Met Ala Glu Gly 
20 25 30 

Gly Gly Gin Asn His His Glu Val Val Lys Phe Met Asp Val Tyr Gin 
35 40 45 

Arg Ser Tyr Cys His Pro lie Glu Thr Leu Val Asp lie Phe Gin Glu 
50 '55 eo 

Tyr Pro Asp Glu lie Glu Tyr lie Phe Lys Pro Ser Cys Val Pro Leu 
65 70 75 80 

Met Arg Cys Gly Gly Cys Cys Asn Asp Glu Gly Leu Glu Cys Val Pro 

85 90 95 

Thr Glu Glu Ser Asn He Thr Met Gin lie Met Arg lie Lys Pro His 

100 105 no 

Gin Gly Gl n His Il e Gly Glu Met Ser phe Leu Qln ^ ^ ^ ^ 
115 120 125 

Glu Cys Arg Pro Lys Lys Asp Arg Ala Arg Gin Glu Asn Pro Cys Gly 
130 135 uo 



Pro Cys Ser Ser Glu Arg Arg Lys His Leu Phe Val Gin Asp Pro Gin 

160 



150 155 
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■ - c ys Lys cys cys Lys ^ ^ g c ^ l ^ ^ 

65 170 175 



185 190 



<210> 11 
<211> 170 
<212> PRT 

<213> Homo sapiens 
<400> 11 

Leu Ala Leu Pro Ala v=i o 

- Ala Val Pro Pro Gln ^ Trp ^ ^ ^ ^ ^ 

25 30 
40 45 

55 60 



Ser „ u val Hls Mefc phe v ^ ^ 

u 75 

3 80 

° ° an 



90 95 



«■ «. Asn val Thr Met Gln ^ u ^ ne ^ 

105 110 

Asp Arg Pro Ser Tvr v=\ m , 

Tyr Val Glu Leu Thr phe Sgr ^ ^ ^ ^ ^ 

120 125 

- * .» ta «, ^ L „ ly , ,„ G1 „ tej ^ ^ 

140 



£ «y at. ci y Lys Arg flrg Arg Glu Asn ^ ^ ^ p c ^ 

Hi3 Leu Cys Gly A S p M a Val PrQ Arg ftrg 



155 160 



165 170 
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<210> 12 
<211> 188 
<212> PRT 

<213> Homo sapiens 
<400> 12 



«et ur Pro Leu Leu Arg Arg Leu Leu Leu ^ ^ ^ ^ ^ ^ 

10 15 

25 30 
*rg Lys v.l Vai Ser Trp Ile Asp Val Tyr Thr ^ ^ ^ ^ ^ 

40 45 
^ Clu Val v.i Val Pro Leu Tnr Val Glu Leu Met Gly Thr Val 



55 60 



Ala Lys Gin Leu Val Pro Ser 



65 



70 



Cys Val Thr Val Gin Arg Cys Gly Gly 



75 



80 

cys c ys Pro Asp ^ Gly Leu Qlu cyg ^ ^ g ^ 

90 95 
Val ^ Met ojj XX. LeU Met Il6 ^ Tyr pr0 ser ^ 

105 no 

*» - J« Leu C1H Glu His Gln cys Glu cys ^ pro Lys Lys 

120 125 
JJ Ser Ma v.X Lys p Asp ser prc ^ uu ^ ^ 

1J5 140 

£ - «m « is His G1 ^ Pro Asp pro ^ ^ 

155 

153 160 
CV3 AT, Arg Arg s phe Leu Arg Giy ^ g ^ G ^ l ^ 

170 175 
Asn Pro Asp Thr Cys arg Cys ^ L ^ uu 

180 185 



<210> 13 
<211> 364 
<212> PRT 
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<213> Homo sapiens 
<400> 13 

5 10 15 

20 25 - 30 

Ser Leu «U. His Ile Ser Gly Leu ksn Thr Tyr ^ ^ ^ ^ 

40 45 

55 60 

His Arg Leu Tyr Ser Gly Leu Tyr Thr ftrg pro Ser ^ ^ ^ ^ 

70 -jc 

75 80 



95 



Cys Tyr Ser Leu Tyr Ser Pro Arg Ala Arg Gly Pro 



100 



105 



Arg He Leu Glu 
110 



160 
Thr 



Val Ma Leu Val Ma Leu Pro ,r g VaX Ma Leu Ser Glu Ar g Gl y Leu 

120 125 

135 140 

Glu Arg axy Leu flsn Ma Arg Gly pro ftia 

150 155 
Pro Arg Cys Tyr Ser Vai Ala L6U Thr H . s ^ 

" 5 17 ° 175 

Ma A r g Gly Cys Tyr Ser Gly Leu Tyr Gly Tyr ^ 

185 190 

Tvr Ser Ma Se r Asn Ma Ser Pro Gly Leu Ser Glu Arg Leu Glu 61y 

200 205 

Cys Tyr ser Val Ma Leu Pro Arg Thr Hi s Arg Gly Leu Gl y Leu 

215 220 

Val Ma Leu M a Ser j.„ Val Ma Leu Ser Glu Arg Met Glu Thr Gly 



235 



240 
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U« Leu Clu Leu Gly Leu Tyr ftla Leu Ala ^ 



250 



255 



Tyr Ser Glu Arg Gly Leu Tyr Ser Glu Arg Ala Ser Asn 



260 



265 



Gly Leu Tyr 



270 



Met Glu Thr Gly Leu Asn Ala Arg Gly Leu Glu Ser 



275 



280 



Glu Arg Pro His 
285 



Glu Val Ala Leu Gly Leu His n . Ser Leu Tyr ^ ^ ^ ^ ^ 

295 300 



305 AU ^ S6r Ala *** ^ To Arg Ala Arg Gly 

310 315 



320 



Pro His Glu Thr His Arg Tnr His Arg ^ His Arg pro ftrg ^ 



330 



335 



Thr His Arg Thr His Arg Thr His Arg Ala Arg Gly 



340 



345 



Pro Arg Pro Arg 



350 



Ala Arg Gly Ala Arg Gly Ala Arg Gly Ala Arg Gly 



360 



<210> 14 
<211> 419 
<212> PRT 

<213> Homo sapiens 



<400> 14 



Met His Leu Leu Gly Phe Phe Ser Val 



Ala Cys Ser Leu Leu Ala Ala 



10 



15 



Ala Leu Leu Pro Gly Pro Arg Giu Aia prQ ^ 



20 



25 



Ala Ala Ala Ala Phe 



30 



40 <5 

™r Ala Tyr Ala Ser Lys A S p ieu Glu Glu Cln Leu Arg Ser Val Ser 

55 60 
S« Val Asp Glu Leu M ec Thr Val Leu Tyr Pro ^ ^ ^ ^ ^ 

' 0 -7 C 



^ Lys Cys Gin Leu Arg Lys Gly Gly Trp Gin His As 



85 



90 



80 

n Arg Glu Gin 
95 
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Ala Asn Leu Asn Ser Arg Thr Glu Glu Thr He Lys Phe Ala Ala A' a 
100 105 110 

His Tyr Asn Thr Glu lie Leu Lys Ser He Asp Asn Glu Trp Arg Lys 
115 120 12S 

Thr Gin Cys Met Pro Arg Glu Val Cys He Asp Val Gly L ys Glu Phe 



135 i 4 o 
Gly Val Ala Thr Asn Thr Phe Phe Lys Pro Pro Cys Val Ser 



145 



150 



155 



Arg Cys Gly Gly Cys Cys Asn Ser Glu Gly Leu Gin Cys Met 



165 



170 



Val Tyr 
160 

Asn Thr 
175 



Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe Glu lie Thr Val Pro Leu 



180 



185 



190 



Ser Gin Gly Pro Lys Pro Val Thr lie Ser Phe Ala Asn His Thr Ser 



195 



200 



205 



Cys Arg Cys Met Ser Lys Leu Asp Val Tyr Arg Gin Val His Ser lie 



215 



220 



lie Arg Arg Ser Leu Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn 



. 225 



230 



235 



240 



Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn His He Cys 



245 



250 



Arg Cys 
255 



Leu Ala Gin Glu Asp Phe Met Phe Ser Ser Asp Ala Gly Asp 



260 



265 



Asp Ser 



270 



Thr Asp Gly Phe His Asp lie Cys Gly Pro Asn Lys Glu Leu 



275 



280 



Asp Glu 



. 285 



Glu Thr Cys Gin Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys 



295 



300 



Gly Pro His Lys Glu Leu Asp Arg Asn Ser Cys Gin Cys 



305 



310 



315 



Val Cys Lys 
320 



Asn Lys Leu Phe Pro Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu 



325 



330 



335 



Asn Thr Cys Gin Cys Val Cys Lys Arg Thr Cys Pro Arg Asn Gin Pro 



340 



345 



350 
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- •» J- «» c ». c„ 61 „ Cy , tht a . s „ p „ an 

J6 ° 365 



* So" - - £ - «• «• «. - c„, s „ cy , Tyi 

J/b 380 

s p " c '- "" s - * - « «. *. ^ _ s « 

400 

T " ~ "* % *» - * ™ ■» ~ * * * ^ f „ 



"° .15 



Gin Met Ser 



<210> 15 
<211> 358 
<212> PRT 

<213> Homo sapiens 
<400> 15 

- * «, 0i „ „, „« Gly _ I; . ^ net Hei pta bii vii 

5 30 

- - «• *. ,, S„ „, S « „« ll0 51 „ te> s „ ^ 

n. s „ s . G1 „ _ ^ ^ 

3:3 60 

« "* **■ * - - * - * s« „, 

75 eo 

- ~ - - ^ s « M . s „ M , ^ s „ Ihc srj pk> ^ ms 

^° 125 

Leu Gly Lys Thr Thr 

-he Phe Lys Pro Pro Cys Val Asn Val 
19 
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JJJ »r fl c ys 01y Gly cys ^ a ^ 

150 -I cr 

155 160 
Thr Ser Thr Ser , ne Sfir ^ ne v ^ 

165 175 

Thr ser v.j Pro Glu Leu val Pro val Ly ; ne Aia Asn his Thr 

185 19(J 
Gly Cy S L ys Cys Leu Pro T hr Cly Pro Arg His pro Tyr 

200 205 
*«. Jrj Ser Il6 Gln Thr pr0 Qlu flsp Giu ^ ^ 

215 220 

u» c ys Pro Ile ^ Met Leu Tip Asp ^ ^ ^ 



235 



240 

Val Leu Gin Asp Glu Thr Pro 

250 



245 ^ G1U ASP His Ser ^ 



255 



Uu Glu Pr , Thr Leu cyg Gly ^ ^ ^ ^ p 

265 270 

280 285 
- Pro Glu ^ cys ser ^ ^ ^ u s ^ 

295 300 

£ c ys Gln Lys Hls ne phe ^ c ^ g ^ ^ ^ 

0 315 

J15 320 



Asp Arg Cys Pro Phe His Thr 

y nr ^ ys Aia Ser Arg Lys Pro Ala 
330 

JJ0 335 



345 350 



Tyr Ser Gln Glu Asn Pro 
355 



<210> 16 
<211> 211 
<212> PRT 
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<213> Homo sapiens 
<400> 16 

-J ** ». u. „ cys t . u t „ Sly ^ 

10 15 

25 30 

"2 ~ '" »■ S » «• «- - «n u. 

40 45 

55 60 

». «. «, v., „, u ThI L „ M< vii tn 

u 75 

80 



90 95 

^-^Val 



Thr Ser Ala Asn Phe Leu Ile Trr, p™ d „ 

115 ^ Pr ° Pro ^ Glu Val Ly s Arg 

20 125 

iJb 140 

Val His His Ara Ser v=i t 

» Val Lys val flla Lys Val ^ g l ^ 

^55 , _^ 

160 

- *. s „„ V11 C1B vil „ ? uo ^ si> ai _ ^ 

170 175 

Cys Ala Cys Ala tv,>. 

-a Th. Thr ser Leu pro firg 

185 190 

* " v 5 p " *" sl " ■» s l " - - - - ■« - «- 

U0 ,205 

Lys Pro Thr 
210 



<210> 17 
<2U> 241 
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<212> pr T 

<213> Homo sapiens 
<400> 17 

Met Asn Arc Cvs Trr> m r 

5 L6U <*• Cy. Ty r Leu ^ . 

LfiU Ser Ala Gl« «y Asp Pro Ile PrQ G , fl „ 

20 " " G1 ° Glu Leu Tyr Glu Mst 

25 30 

. «• -J p „ S1 , „. _ p My M , ^ ta Ja " tlo 

35 60 

80 

105 110 

--is**--* ■»«.««.„«, 

ZU 125 

155 160 



- l " "* £ l " - «• - « - u. u „ „ 

"* Cy ° L " S Ita - - - - *, „ g s „ 

190 

U 205 
220 

Lys Phe Lvs Hi\ Th. ,r • 

240 
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Ala 



<210> 18 

<211> 121 

<212> PRT 

<213> Homo sapiens 



<400> 18 

Ser Tyr His Asp Arg Lys Ser Lys Val Agp Leu ^ ^ ^ ^ 



10 



Asp 



15 



Asp Ala Lys Arg Tyr Ser Cys Thr Pro Arg Asn Tyr Ser Val Asn He 
20 25 30 

Arg Glu Glu Leu Lys Leu Ala Asn Val Val Phe Phe Pro Arg Cys Leu 
35 40 45 

Leu Val Gin Arg Cys Gly Gly Asn Cys Gly Cys Gly Thr Val Lys Leu 

55 60 

Glu Ser Cys Thr Cys Asn Ser Gly Lys Thr Val Lys Lys Tyr „ is Glu 
70 " 80 

85 90 95 

Thr M et Ala Leu Val Asp He Gin Leu Asp His His Glu Arg Cys Asp 



105 



110 



Cys lie cys Ser Ser Arg Pro Pro Arg 
115 120 



<210> 19 
<211> 119 
<212> PRT 

<213> Homo sapiens 
<400> 19 

Arg Asp Glu Thr He Gin Val Lys Gly Asn Gly Tyr Val Gln S er Pro 

5 10 15 

Arg Phe Pro Asn Ser Tyr Pro Arg Asn Leu Leu Uu Thr ^ ^ 
20 25 30 
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«. «. «. «. «,„ „ I; 01n t . u fh . ^ ^ cin 

40 45 

«y u« «» Blu Ala Glu Asp ue cys Arg ^ v ^ ^ 



55 60 



Val Glu Asp He Ser Glu Thr Ser Thr „ T , » 
65 10 ™ r S " Thr Ile Ile Arg Gly Arg Trp Cys 

75 80 



Gly His Lys Glu Val p ro Pr0 Ara Tlo T e 

Pro Arg lie Lys Ser Arg Thr Asn Gin He 

90 



105 110 



Lys lie Tyr Tyr Ser Leu Leu 
115 



<210> 20 
<211> 113 
<212> PRT 

<213> Homo sapiens 
<400> 20 



10 15 

Tyr Pro Asn Gly Tvr m „. 

^ Tyr Ser Ala „ i3 Met „ is Cys Val Trp ^ ^ ^ 

25 30 

40 45 
-g ser Arg Leu Cys Trp Tyr Asp Iyr Val Glu Val ^ ^ 

. 55 60 

- - .v. U . ft 1>0 .... 01y AI , pse cy , 

75 

80 

90 95 

S " £ " P V " ^ ««• «« Al. Val Tyr Glu Ala 

105 110 

Ile 
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<210> 21 
<211> 112 
<212> PR T 

<213> Homo sapiens 



<400> 21 



5 x.e Gin s er Pro *,» 

Tyr Pro Asp Asp T yr Ara n * " 
» yr Arg Pro Ser L Va 

20 25 y 116 Tr P Arg He G ln 

30 

60 y 

no 



<210> 22 
<2U> U3 
<212> PR T 

<213> Homo sapiens 
<400> 22 

T rp Pro Lys G lu T Vr p>- n D 15 
2o Pro Asn t flsn cys ne ^ 

Ala Pro Thr Gin Tyr Am 

45 
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Glu Gly Asn Asp Val rvc t 



60 



75 80 



90 

Ser Asp Asn Thr Val c^>- T 

100 73 Gly PhS His Phe 



105 



Glu 



<210> 23 
<211> 113 
<212> PRT 

<213> Homo sapiens 
<400> 23 

10 15 

Tyr Pro His Ser Tvr m« d 

2q „ ls Pro Ser Lys cys giu ^ ^ 

5 30 



55 

60 

Gly Glu Asn Glu Asn n„ u - > 
65 *«» Gly HlS Phe Arg Gly Lys ^ 

85 

Val Ser Asp Tyr Glu Thr 

100 " y *J* PhS Se ^ He Arg Tyr Giu 

Ui3 110 

He 

<210> 24 



70 ' ^ ™ e Cys G1 V lys He 

75 80 

85 - go ?he Leu ^ Ue Lys Phe 

95 
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<211> 119 
<212> PRT 

<213> Homo sapiens 
<400> 24 

<* - «. - * Ihr , te B „ s „ „ M iu iyi s<i 

Phe Pro Glu Lys Tvr P™ a c « c 

^ Tyr Pro As „ Ser Leu Hu Cys ^ ^ ^ ^ 

25 30 



Glu Pro Asp ser Asn Pro Pro 
50 

55 

Leu Glu He Trp Asp G l y Phe 
65 70 

85 90 

^ 3« Ala XL Ala 



35 ° xu rne <- Au Ser Phe Asp Leu 

40 45 

50 _: Gly Gly Met Phe Cys Arg Tyr Asp Arg 

" 60 

65 " ' ™ Pr ° As P Val Gly Pro His lie Giy Arg 

80 

85 ~ - ~" ~* S ° r SSr G1 * Ile 

95 



i(jo «x .xa Ala Lys Glu Gly Phe 

05 110 



Ser Ala Asn Tyr Ser Val 



Leu 
115 



<210> 25 

<211> 15 

<212> PRT 

<213> Homo sapiens 

<400> 25 

10 15 

<210> 26 
<211> 20 
<212> DNA 

<213> Homo sapiens 
<400> 26 

gtcgtggaac tgtcaactgg 

20 



27 
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<210> 27 
<211> 20 
<212> DNA 

<213> Homo sapiens 
<400> 27 

ctcagcaacc acttgtgttc 

<210> 28 
<211> 27 
<212> DNA 

<213> Homo sapiens 
<400> 28 

ccatcctaat acgactcact atagggc 

<210> 29 
<211> 29 
<212> DNA 

<213> Homo sapiens 
<400> 29 

agtgggatcc gttactgatg gagagttat 

<210> 30 
<211> 26 
<212> DNA 

<213> Homo sapiens 
<400> 30 

cccaagcttg aagatcttga gaatat 

<210> 31 
<211> 22 
<212> DNA 

<213> Homo sapiens 
<400> 31 

tgctctagat cgaggtggtc tt 



20 



27 



29 



26 



22 



28 
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